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THE PItEFACE • 



OF TH£ EDITOR. 



The \(rriti6gs of Mr. Ferguson have 'been 
long and justly distinguished for their per- 

• • ^ 

spicuity atid plainness. It seems to have 
been the chief object of his labours to give 
a familiar view of the various branches of 
ph3rsickT science, and to render them ac- ' 
cessible to those who ^re not acoustomed 
to matheinaticar ^vestigation $' and the 
favourable reception which his Works have 
everywhere experienced, is a satisfactory 
proof that he did not kbdur io-^il^, ' 
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Vi PREFACE. 

The treasures of science had been long 
concealed in the recesses of algebraical 
formulae, and geometrical discussion ; and 
men of ordinary capacity were deterred 
from pursuing them by the repulsive form 
in which they were envebped. There were 
some works, indeed, which, from the a1>- 
sence of mathematical reasoning, may be 
regarded as exceptions to this general ob- 
servation ; but most of them wanted that 
perspicuity of stile, that method of view- 
ing a difficult subject in different aspects, 
%iid (hat l^ppy manner of iUu;i;trating the 
abstrasest &cts in mechanical philosophy 
by Bfiw 9V4 ingenious experiments^ whick 
tihe author of these kctures so eminently 
^psse^Sfd. Mr. Fergusoa, thereforo> mayp. 
ii^ some degree, be regarded a& the firsc 
f l^mentary, writer pn n/^tural; ph^lqypphyp 
«od to hif labour^ w^ .must arttnl^t^ thfit; 
generail 4ii9ru$ion of scientific koowlje4g^ 
sM^ong 1^ practical xQ^^J^anics of th^s 
country^ifwlttch Imk Uk ^ gres|t xx^weure, 
banished th^sQ antiquated prejudices, and 



erroneoiu quudms ei construction, diat 
perpettuUT- znislead the tmleteered artist. 

But it is not merelf to the praise of A 
popular writer that Mr. Fergusoa is en- 
titled. While he is illustratiiig the disco«- 
veries of othera, and accommodating them 
to the capacities c^ his readers, vM al'0 fife^ 
quentfy introduced to inventioitt asid inn 
provements of his own. Many of these 
are well known to the public, and while 
some of them ha^^ been of greac service 
to experimental philosc^hy, they all eviiiee 
an uncommon share of mechanical genitM. 
To a still higher commendation, however, 
our author may justly lay claim. It has 
long been fiishionable with a certain class 
of philosophers to keep the Creator totally 
out of view, when descanting on the noblatt 
of his works. But Mr. Ferguson had' not 
imbibed those gloomy principles which 
steel the heart against its earliest and 
atiTMigest impressions; and prompt us to 
9^|»it&s those fisefings of devotion and gra^ 



titljdc i^Jiich the str^ture/ andrh^wiopny of 
th^ universe are sq fitted to iii^pir^..; Whe^i 
benevolence and design are particularly 
eibibit^ in the wor|s:s, : or : ^ the pheno- 
m^i^ of nature^ he :dwells with-; Relight up- 
on the goodness and wisdom of ^their Au- 
thor S .^fid never f^ils to impress upon the 
re^defiiWhat isjtoo;^^^ to escape his notice, 
that th^ wonders^ of creation, and the va- 
rious changes whiph the material world dis- 



plays, are the r^^uk qf that uneri^t^g wis- 
dom and boundless: goodness, which are 
VM^^ii^gly ^^^^d for the comfort and 
happiness of n^n. : 

• r ■ ■ ■ ■ 

Tpfi these reasoxis the - present work has 
epJ9y94 an >iitncpjim(ion share o€ public par- 
tP3!^g^i.;and we hesijt^te not tpi^ffirn^ 

« 

^thput tl)e fear; of contradiction^; iha.t no 
1?9P^ ; VIPPH/ l^h^ sapfie subject has been. 4^ 
ig^^;6aljy [. read,. . and so widely ; circulated, 
4^onjg ^1 r^nks of the community. We 
Pfrpeive, it>in the work^sbop of eveiy m^ 
qhanic,. /^p find i^ tK^nsfused. ^nto the 4^- 



ferent.Encjblops^iiis. which this commy 
has produced ; and we may. easily trace it 
in those popular systen^s qf philosophy whicH 
ha^e lately appeared.'' r ' 

* 

, Since these Lectures were first pnbli&ed^ 
:the boimdaries of the arts and sciences have 
been ' widely enlarged by many impdrtanc 
discoveries and improvements. ;Th6sife dis- 
coveries it has been the object of the Exli- 
tor to communicate in the Notes, or at 
greater length in the Appendix i and while 
lie. has endeavoured to introduce chiefly 
6uch subjects of practical importance, as 
bave either been slightly noticed, or wholly 
omitted, by our author, or which have 
arisen iii the general progress of improve- 
ment, he flatters himself that some of the 
articles in the Appendix are entirely new, 
that others contain information which is 
not generally known, and all of them, how-r 
ever poorly executed,' may be of some ser- 
vice in a commercial country like^ours^ 
9hich depend! so xnuch pn the iitiprcnri^ 
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nent of its manufactures, and the progress 
of the useful arts* 

The Editor has been solicitous to avail 
'himself as little as possible of the aid of 
mathematical reasonings and he is not 
aware of having introduced it much more 
frequently than the author himself. He 
must except^ however^ the article on the 
G>nstruction and Efiect of Machines, which 
can only be understood by those who have 
studied the elements of algebra^ and the 
first principles of the fluxionary calculus. 
For this interesting paper the Editor is in^ 
debted to Mr. John Leslie, Professor of 
mathematics in the University of Edin- 
burgh, a philosopher of distinguished emi- 
nence, to whose discoveries science is deep- 
ly indebted, and whose friendship the Edi* 
tor is proud to acknowledge. 

In this Edition the platea have been ro* 
engraved; and twelve new ones^ added to 
illustrate the Appendix. The TaUes of 
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tiie Sun's Place and Declination have been 
calculated anew from the latest solar tables. 
An accurate Table of the Equation of Time 
has been inserted for the use of the practi- 
cal dialisty and other alterations and addi* 
tions have been made, which the reader 
will perceive in the course of the work. 

Eiuhufgh, fufy U 1805. 
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, TO T9B SECOND EDITION. 



J/he very flattering reception which the first Edi^ 
lion of this work ha^ experienced, demands from 
the Editor his warmest acknowledgments. The 
disposal of a large impression of a scientific work, 
in the space of a few months, is a proof that 
Science is still cultivated with ardour, and that he 
who attempts to illustrate itd application to the 
practical purposes of life, has little chance of be- 
ing mortified with public neglect. Encouraged 
-by this liberal patronage, the Editor has been so- 
licitous to render this new edition more worthy of 
notice. A Table of Spedfic Gravities, the largest 
and most correct that has yet been published, has 
been added to the first volume ; a number of Noted 
have been insoted in different parts of the work, 
and several new Articles added to the Appendix. 
The most important of these articles are the foU 
lowing. — ^Description of a new instrument fisr 
measuring the velocity of water. — ^Improvements 
on Barker's mill.-^Account of an inqprovement on 



Xir ADTERTI8JEMENT. 

the balance. — Description of Whitehurst's engine^ 
and Montgolfier's hydraulic ram. — ^Account of an 
improTement on the camera obscma, with the 
description ol a new portable (me on a large scale* 
For the illustration of these articles, two neW 
plates have been added ; several of the old ones, 
which were inferior to the rest in point of execu- 
tion, have been re-engraven, and other alterations 
have been made where it seemed necessary to cor- 
rect errors or supply defects. 



Thji Editor cannot refrain from ezpros^g his 
gratitude for die fiivourable mana^ in which this 
work has been noticed in all the Reviews that he 
has aeen. He fe^ himself particularly indebted 
to the Reviewers in the British Critic for the can- 
dour with which some mistakes have been pointed 
out. Of such remarks the Editor would have wiU» 
ingly availed himself in the present edition, had not 
the sheets to which they refer, been printed off bo* 
lore the Review was put into his hands* 

D.B. 

tMOihJbmBf jttfwtt tp 1800. 
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THE AUTHOR'S DEDICATION, 



To His Royal Highness PRINCE EDWARD. 

Jls Heaven has inspired your Royal Highness 
with such a love of ingenious and usejul arts^ 
that you not only study their theory^ but have 
often condescended to honour the professors of me» 
chanical and experimental philosophy with your 
presence and particular favour ; I am thereby 
encouraged to lay myself and the following work 
at your Royal Highnesses feet ; and at the same 
time beg leave to express that veneration with 
which I am J Sir^ 

Your Royal Highnesses 

Most obliged, and most obedient humble servant^ 

JAMES FERGUSON. 
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THE PREFACE 



OF THE AUTHOR. 



I. 

JiiVER since the days of the Lord-chancellor 
Bacon^ natural philosophy hath been more 
and more cultivated in England. That 
great genius first set out with taking a ge- 
neral survey of all the natural sciences^ di- 
viding them into distinct branches, which 
he enumerated with great exactness. He 
inquired scrupulously into the degree of 
knowledge already attained to in each, and 
drew up a list of what still remained to be 
discovered : this was the scope of his first 
imdertaking. Afterward he carried his 
views much farther, and shewed the neces*^ 
sity of an experimental philosophy, a thing 
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PREFACE. 

never before thought of. As he was a pro- 
fessed enemy to systems, he considered 
philosophy no otherwise than as that part 
of knowledge which contributes to make 
men better and happier : he seems to limit 
it to the knowledge of things useful, re- 
commending above all the study of nature, 
and shewing that no progress can be made 
therein, but by collecting facts, and com* 
paring experiments, of which he points out 
a great n\imber proper to be made. 

But notwithstanding the true path to 
science was thus exactly marked out, the 
old notions of the schools so strongly pos- 
sessed people's minds at that time, as not 
to be eradicated by any opinions, how ra- 
tionally soever advanced, until the illustri- 
ous Mr. Boyle, the first who pursued Lord 
Bacon^s plan, began to put experiments in 
practice, with an assiduity equal to his 
great talents. Next, the Royal Society be- 
ing established, the true philosophy began 
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to be the reigning taste of the age, and 
continues so to this day. 

The immortal Sir Isaac Newton insisted, 
even in his early years, that it was high 
time to banish vague conjectures and hy- 
potheses from natural philosol^iy, and to 
bring that science under an entire subjec- 
tion to experiments and geometry. He 
frequently called it tbe experimental pbiloso^ 
pby^ so as to express significantly the differ- 
ence between it and thje numberless sys* 
tems which had arisen merely out of the 
conceits of inventive brains : the one sub- 
sisting no longer than the spirit of novelty 
lasts i the other never failing while the na- 
ture of things remain unchanged. 

The method of teaching and laying the 
foundation of physics , by public courses 
of experiments » was first undertaken in this 
kingdom,! believe, by Dr. John Keill, and 
since improved and enlarged by Mr. Hauks^ 

b3 
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bee, Dff Desaguliers, Mr. Whiston, Mr. 
G>tes, Mr. Whiteside, I>r. Bradley, our late 
Regius and Savilian Professor of Astrono- 
my, and Dr. Bliss hia successor. Nor has 
the same been neglected by Dd Jsunes, and 
Dr. David Gregory, Sir Robert Stewart, 
and after him Mr. Maclaurin. — Dr. Hel- 
fiksjn in Ireland, Messieurs Gravesande 
and Muschenbroek, and the Abbd Nollet 
in France, have also acquired just applause 
thereby. 

The substance of my own attempts in 
diis way of instrumental instruction, the 
following sheets (exclusive of the astrono^ 
mical part) will shew : the satisfaction they 
have generally given, read as lectures to 
different audiences, affords me some hope 
that they may be favourably received in 
the same form by the public. 

I ouoHT to observe, that though the 
last five lectures cannot properly be said to 
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concern experimental philosophy^ I con- 
sidered, however, that they were not of so 
difierent a class, but that they might, with- 
out much impropriety, be subjoined to the 
preceding ones. 

My apparatus (part of which is describ- 
ed here, and the rest in a former work *) 
is rather simple than magnificent, which is 
owing to a particular point I had in view 
at first setting out, namely, to avoid all 
superfluity, and to render every thing as 
plain and intelligible as I thought the sub« 
ject would admit of 



* AttTonomy explained upon Sir Isaac Newton's prin- 
ciples, and made easy to thoK who hate not studied mathe* 
matics. 
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A SHORT ACCOUNT OF THE LIFE OF 

. THE AUTHOR, 



WRITTEN BY HIMSELF. 



As this is probably the last book I shall 
ever publish,* I beg leave to prefix to it a 
short account of myself, and of the man- 
ner I first began, and have since prosecut- 
ed, my studies. For, as my setting out in 
life from a very low station, and in a re- 
mote part of the island, has occasioned 
some false, and indeed very improbable^ 
particulars to be related of me, I therefore 
think it the better way, instead of contra- 
dicting them one by one, to give a faith- 
ful and circumstantial detail of my whole 



* This account of Mn Ferguson's life was originally pre* 
fixed to his Select Mechanical Exercises. He lived to pub- 
lish another work, entitled, * The Art of Drawing in Per- 
fective made easy to those who have no knowledge of the 
mathematics**— £o. 
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XXVI AN ACCOUNT OF THE 

proceedings, from my first obscure begin- 
ning to the present time : wherein, if I 
should insert some particulars of little mo- 
ment, I hope the good-natured reader will 
kindly excuse me. 

I WAS born in the year 1 71 o, a few miles 
from Keith, a little village in BamfiFshire^ 
in the north of Scotland ; and can with 
pleasure say^ that my parents, though poor^ 
were religious and honest ; lived in good 
repute with all who knew them, and died 
with good characters « 

As my father had nothing to support a 
large family but his daily labour, and the 
profits arising from a few acres of land 
which he rented, it was not to be expected 
that he could bestow much on the educa^- 
tion of his children : yet they were not 
neglected ; for, at his leisure hours, he 
taught them to read and write. And it 
was while he was teaching my elder bro- 
ther to read the Scotch Catechism that I 
acquired my reading. Ashamed to ask my 
father to instruct me, I used, when he and 
my brother were abroad, to take the cate- 
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chism, and study the lesson which he had 
been teaching my brother : and when any 
difficulty occurred, I went to a neighbour- 
ing old woman, who gave me stich help 
as enabled me to read tolerably well before 
my father had thought of teaching me. 

Some time after, he was agreeably sur- 
prised to find me reading by myself: he 
thereupon gave me further instruction, and 
also taught me to write ; which, with about 
three months I afterwards had at the gram-- 
mar-school at Keith, was all the education 
I ever received. 

My taste for mechanics arose from an 

odd accident ^When about seven or eight 

years of age, a part of the roof of the house 
being decayed, my father, desirous of mend* 
ing it, applied a prop and lever to an up* 
right spar to raise it to its former situa*** 
tion ; and, to my great astonishment, I saw 
him, without considering the reason, lift 
i!q> the ponderous roof, as if it had been a 
small weight. I attributed this at first to 
a degree of strength that excited my terror 
as well as wonder : but thinking farther of 
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cheerfully consented to this, giving me at 
the same time a pair of compasses, a ruler, 
pens, ink, and paper ; and dismissed me 
with an injimcdon not to neglect my mas* 
ter's business by copying the map, which 
I might keep as long as I pleased. 

For this pleasant employment, my mas- 
ter gave me more time than I could reason^ 
ably expedl ; and often took the threshing- 
flail out of my hands, and worked himself, 
while I sat by him in the bam, busy with 
my compasses, ruler, and pen. 

When I had finished the copy, I asked 
leave to carry home the map : he told me I 
was at liberty to do so, and might stay two 
hours to converse with the minister. In 
my way thither, I happened to pass by the 
school at which I had been before, and saw 
a genteel-looking man (whose name I af- 
terwards learnt wasCantley) painting a sun- 
dial on the wall. I stopt a while to ob- 
serve him, and the school-master came out, 
and asked me what parcel it was that I had 
under my amu I shewed him the map, 
and the copy I had made of it, wherewith 
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he appeared to be very well pleased, and 
asked me whether I should not like to learn 
of Mr. Cantley to make sun-dials. Mr. 
Cantley looked at the copy of the map, and 
commended it much ; telling the school- 
master (Mr. John Skinner) that it was a 
pity I did not meet with notice and en* 
couragement. I had a good deal of con- 
versation with him, and found him to be 
qxiite affable and communicative ; which 
made me think I should be extremely hap- 
py if I could be further acqusdnted with 
him. 

I THEN proceeded with the map to the 
minister, and shewed him the copy of it. 
— ^While we were conversing together, a 
neighbouring gentleman, Thomas Grant, 
Esq. of Achoynaney, happened to come in ; 
and the minister immediately introduced 
me to him, shewing him what I had done. 
He expressed great satisfaction, asked me 
some questions about the construction of 
maps, and told me, that if I would go and 
live at his hous6, he would order his butler, 
Alexander Cantley, to give me a great deal 
of instruction. Finding that this Cantley 

Vol. I c 
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was the man whom I had seen painting the 
sun-dial, and of whom I had already con- 
ceived a very high opinion , I told 'Squire 
Grant, that I should rejoice to be at his 
house as soon as the time was expired for 
which I was engaged with iny present 
master. He very politely offered to put 
one in my place ; but this I declined. 

When the term of my servitude was out, 
I left my good master, and went to the 
gentleman's house, where I quickly found 
myself with a most humane good family. 
Mr. Cantley the butler soon became my 
friend, and continued so till his death. He 
was the most extraordinary man that I ever 
was acquainted with, or perhaps ever shall 
see ; for he was a complete master of arith- 
metic, a good mathematician, a master of 
music on every known instrument except 
the harp, understood L*atin, French, and 
Greek, let blood extremely well, and could 
even prescribe as a physician upon any 
urgent occasion. He was what is generally 
called self-taught ; but, I think, he might, 
with much greater propriety, have been 
termed God Almighty's fcholar. 
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He immediately began to teach me de- 
cimal arithmetic and algebra; for I had, 
already learned vulgar arithmetic, at my 
leisure hours, from books. He then pro- 
ceeded to teach me the elements of geo- 
metry ; but, to my inexpressible grief, just 
as I was beginning that branch of science, 
he left Mr. Grant, and went to the late 
earl of Fife's, at several miles distance. 
The good family I was then with could not 
prevail with me to stay after he was gone ; 
so I left th^m, and went to my father's. 

He had made me a present of Gordon's 
Geographical Grammar, which, at that 
time, was to me a great treasure. There 
is no figure of a globe in it, although it 
contains a tolerable description of thq 
globes, and their use.* From this descrip- 
tion I made a globe in three weeks at my 
father's, having turned the ball thereof out 
of a piece of wood ; which ball I covered 
with paper, and delineated a map of the 
world upon it ; made the meridian ring 
and horizon of wood ; covered them with 
paper, and graduated them ; and was happy 
%o find, that, by my globe (which was the 

c 2 
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first I ever saw) I could solve the pro- 
blems. 

But this was not likely to afford me 
bread, and I could not think of staying 
with my father, who I knew full well could 
not maintain me in that way, as it would 
be of no service to him ; and he had, with- 
out my assistance, hands sufficient for all 
his work. 

I THEN went to a miller, thinking it 
would be a very easy business to attend 
the mill, and that I should have a great 
deal of leisure-time to study decimal arith- 
metic and geometry. But my master, 
being too fond of tipling at an ale-house, 
left: the whole care of the mill to me, and 
almost starved me for want of victuals ; so 
that I was glad when I could have a little 
oat-meal piixed with cold water to eat. I 
was engaged for a year in this man's serv- 
ice, at the end of which I left him, and 
returned in a very weak state to my fa- 
ther's. 

Soon after I had recovered my former 
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Strength, a neighbouring farmer, who prac- 
tised as a physician in that part of the 
country, came to my father's, wanting to 
have me as a labouring servant. My fa- 
ther advised me to go to Doctor Young, 
telling me that the Doctor would instruct 
me in that part of his business. This he 
promised to do, which was a temptation to 
me. But instead of performing his pro- 
mise, he kept me constantly to very hard 
labour, and never once shewed me one of 
his books. All his servants complained 
that he was the hardest master they had 
ever lived with ; and it was my misfortune 
to be engaged with him for half a year. 
But, at the end of three months, I was so 
much overwrought, that I was almost dis- 
abled, which obliged me'to leave him : and 
he was so unjust as to give me nothing at 
all for the time I had been with him, be- 
cause I did not complete my half-year's 
service ; though he knew that I was not 
able, and had seen me working for the 
last fortnight, as much as possible, with 
one hand and arm, when I CQuld not lift 
the other from my side. And what I 
thought was particularly hard, he never 

C3 
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once tried to give me the least relief, fur- 
ther than once bleeding me, which rather 
did me hurt than good, as I was very weak, 
and much emaciated. I then went to my 
father's, where I was confined for two 
months on account of my hurt, and de- 
spaired of ever recovering the use of my 
left arm. And during all that time, the 
Doctor never once came to see me, although 
the distance was not quite two miles. But 
my friend Mr. Cantley, hearing of my 
misfortune, at twelve miles distance, sent 
me proper medicines and applications, by 
means of which I recovered the use of my 
arm ; but found myself too weak to think 
of going into service again, and had en- 
tirely lost my appetite, so that I could take 
nothing but a draught of milk once a-day 
for many weeks. 

In order to amuse myself in this low 
state, I made a wooden clock, the frame 
of which was also of wood ; and it kept 
time pretty well. The bell, on which the 
hammer struck the hours, was the neck of 
a broken bottle. 
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Having then no idea how any time* 
keeper could go but by a weight and a 
line, I wondered how a watch could go in 
all positions ; and was sorry that I had never 
thought of asking Mr. Cantley, who could 
very easily have informed me. But hap- 
pening one day to see a gentleman ride by 
my father's house (which was close by a 
public road), I asked him what o'clock it 
then was : he looked at his watch, and told 
me. As he did that with so much good-- 
nature, I begged of him to shew me the 
inside of his watch : and though he was 
an entire stranger, he immediately opened 
the watch, and put it into my hands. I 
saw the spring-box with part of the chain 
round it, and asked him what it was that 
made the box turn round : he told me that 
it was turned round by a steel spring with- 
in it. Having then never seen any other 
spring than that of my father's gun-lock^ 
I asked how a spring within a box could 
turn the box so often round as to wind all 
the chain upon it. He answered, that the 
spring was long and thin ; that one end of 
it was fastened to the axis of the box, and 
the other end to the inside of the box ; 
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chat the axis was fixed, and the box was 
loose upon it. I told him I did not yet 
thoroughly understand the matter: well^ 
my lad, says hfi^ take a long thin piece of 
whalebone, hold one end of it fast be- 
tween your finger and thumb, and wind 
it round your finger : it will then endea* 
▼our to unwind itself ; and if you fix the 
other end of it to the inside of a small 
hoop, and leave it to itself, it will turn 
the hodp round and round, and wind up 
a tluread tied to the outside of the hoop. 
I thanked the gentleman, and told him 
diat I understood the thing very well. I 
then tried to make a watch with wooden 
wheels, and made the spring of whale- 
bone ; but found that I could not make 
the watch go when the balance was put on, 
because the teeth of the wheels were rather 
too weak to bear the force of a spring suf- 
ficient to move the balance ; although the 
wheels would run fast enough when the 
balance was taken off. I inclosed the whole 
in a wooden case, very little bigger than a 
breakfast tea-cup : but a clumsy neighbour 
one day looking at my watch, happened to 
let it fall J and turning hastily about to 
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pick it up, set his foot upon it, and crushed 
it ail to pieces ; which^ so provoked my fa- 
ther, that he was almost ready to'beat the 
man ; and discouraged me so much, that 
I never attempted to make such another 
machine again , especially as I was tho* 
roughly convinced I could never make one 
that would be of any real use. 

As soon as I was able to go abroad, I 
carried my globe, clock, and copies of some 
other maps besides that of the world, to 
the late Sir James Dunbar of Durn (about 
seven miles from where my father lived), 
as I had heard that Sir James was a very 
good-natured, friendly, inquisitive gentle- 
man. He received me in a very kind man-^ 
ner, was pleased with what I shewed him, 
and desired that I would clean his clocks. 
This, for the first time, I attempted ; and 
then begun to pick up some money in that 
way about the country, making Sir James's 
house my home, at hiff desire. 

Two large globular stones stood on the 
top of his gate ; on one of them I painted 
(with oil colours) a map of the terrestrial 
globe, and on the other a map of the ce- 
lestial, from a planis \ * iere of the stars which 
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I copied on paper from a celestial globe be* 
longing to a neighbouring gentleman . The 
poles of the painted globes stood toward 
the poles of the heaven^ ; on each, the 
twenty-four hours were placed around the 
equinoctial, so as to shew the time of the 
day when the sun shone out, by the bound- 
ary where the half of the globe at any time 
enlightened by the sun was parted from the 
other half in the shade ; the enlightened 
parts of the terrestrial globe answering to 
the like enlightened parts' of the earth at 
all times. So that, whenever the sun shone 
on the globe, one might see to what places 
the Sim was then rising, to what places it 
was setting, and all the places where it was 
then day or night, throughout the earth. 

During the time I was at Sir James's 
hospitable house, his sister, the honourable 
the Lady Dipple, came there on a visit, and 
Sir James introduced me to her. She ask- 
ed me whether I could draw patterns for 
needle-work on aprons and gowns. On 
shewing me some, I undertook the work, 
and drew several for her ; soihe of which 
were copied from her patterns, and the rest 
I did according to my own fancy. On this, 
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I was sent for by other ladies in the coun- 
try, and began to think myself growing 
very rich by the money I got for such 
drawings ; out of which I had the pleasure 
of occasionally supplying ^e wants of my 
poor father. 

Yet all this while I could not leave oflF 
star-gazing in the nights, and taking the 
places of the planets among the stars by 
my above mentioned-thread. By this I 
could observe how the planets changed their 
places among the stars, and delineated their 
paths on the celestial map, which I had 
copied from the above-mentioned celestial 
globe. 

By observing what constellations the 
ecliptic passed through in that map, and 
comparing these with the starry heaven, 
I was so impressed as sometimes to imagine 

that I saw the ecliptic in the heaven, among 

• 

the stars, like a broad circular road for the 
sun*s apparent course; and fancied the paths 
of the planets to resemble the narrow ruts 
made by cart-wheels, sometimes on one side 
yf a plain road and sometimes on the other, 
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crossing the road at small angles, but never 
going far from either side of it. 

Sir James's house was full g£ picturea 
and prints, several of which I copied with 
pen and ink : this made him think I might 
become a painter. 

Lady Dipplp had been but a few weeka 
there, when William Baird, Esq. of Auch- 
meddin, came on a visit : he was the hus- 
band of one of that lady's daughters, and I 
found him to be very ingenious and com- 
m,unicative : he invited me to go to his 
house, and stay some time with him, telling 
me that I should have free access to his li- 
brary, which was a very large one ; and 
that he would furnish me with all sorts of 
implements for drawing. I went thither^ 
and staid about eight months ; but was 
much disappointed in finding no books of 
astronomy in his library, except what was 
in the two volumes of Harris's Lexicon 
Technicum, although there were many 
books on geography and other sciences : 
several of these indeed were in Latin, and 
more in French; which being languages 
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that I did not understand, I had. recourse 
to him for what I wanted to know of these 
subjects, which he cheerfully read to me ; 
and it was as easy for him, at sight, to read 
English from a Greek, Latin, or French 
book, as from an English one. He fur- 
nished me with pencils and Indian ink, 
shewing me how to draw with them : and 
although he had but an indif&rent hand at 
that work, yet he was a very acute judge ; 
and consequently a very fit person for shew- 
ing me how to correct my own work. He 
was the first who ever sat to me for a pic- 
ture ; and I found it was much easier to 
draw from the life than from any picture 
whatever, as nature was more striking than 
any imitation of it. 

Lady Dipple came to his house in about 
half a year after I went thither. And as 
they thought I had a genius for painting, 
they consulted together about what might 
be the best way to put me forward. Mr. 
Baird thought it would be no difficult mat-» 
tter to make a collection for me among the 
neighbouring gentlemen, to put me to a 
painter at Edinburgh : but he found, upoi^ 
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trial, that nothing worth the while could 
be done among them. And as to himself, 
he could not do much that way, because 
he had but a small estate, and a very nu-* 
merous family. 

Lady Dipple then told me that she was 
to go to Edinburgh next spring, and that, if 
I would go thither, she would give me a 
year's bed and board at her house gratis^ 
and make all the interest she could for me 
among her acquaintance there. — ^I thank- 
fully accepted of her kind offer ; and, in- 
stead of giving me one year, she gave me 
two. I carried with me a letter of recom- 
mendation from th? Lord Pitsligo (a near 
neighbour of 'Squire Baird's) to Mr. John 
Alexander, a painter in Edinburgh ; who 
allowed me to pass an hour every day at 
^s house, for a month, to copy from his 
drawings ; and said he would teach me tq 
paint in oil colours, if I would serve him 
seven years, and my friei^ds would maintain 
me all that time : but this was too much 
for me to desire them to do ; nor did 
J choose to serve so long. I was then recomT 
mended to other painters, but they would 



i 



LIFK OF THK AUTHOR. xlvii 

do nothing without money. So I was 
quite at a loss what to do. 

In a few days after this, I received a 
letter of recommendation from my good 
friend 'Squire Baird to the Reverend Dr. 
Robert Keith at Edinburgh, to whom I 

* gave an account of my bad success among 
the painters there. He told me, that if I 
would copy from nature, I might do with- 
out their assistance » as all the rules for 
drawing signified but very little when one 

f came to draw from the life j and, by what 
Jie had seen of my drawings brought from 
the north, he judged I might succeed very 
well in drawing pictures from the life, in 

> 

Indian ink, on vellum. He then sat to me 
for his own picture, and sent me with it 
and a letter of recommendation to the right 
honourable the Lady Jane Douglas, who 
lived with her mother, tl^e marchioness of 
Douglas, at Merchiston-house, near Edin-? 
burgh. Both the marchioness and Lady 
Jane behaved to me in the most friendly 
manner, on Dr. Keith's account, and sat 
for their pictures ; telling me, at the same 
^me, that I was in the very room in which 
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Lord Napier invented and computed the 
logarithms ; and that, if I thought it would 
inspire me, I should always have the same 
room whenever I came to Merchiston. I 
staid there several days, and drew several 
pictures of Lady Jane ; of whom it was 
hard to say, whether the greatness of her 
beauty, or the goodness of her temper and 
dispositions, was the most predominant. 
She sent these pictures to ladies of her ac- 
quaintance, in order to recommend me to 
them ; by which means I soon had as much 
business as I could possibly manage, so as 
not only to put a good deal of money in 
my own pocket, but also to spare what was 
sufficient to help to supply my father and 
mother in their old age. — ^Thus a business 
was providentially put into my hands, 
which I followed for six-and-twenty years. 

Lady Dipple, being a woman of the 
strictest piety, kept a watchful eye over me 
at first, and made me give her an exact ac- 
count at night what families I had been in 
through the day, and of the money I 
had received. She to* k the money each 
pight, desiring 1 wou^ ^ ^ an account of 
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what I had put into her hands ; telling me 
that I should duly have, out of it^ what I 
wanted for clothes, and to send to my fa* 
ther«..^ut, in less than half a year, she 
told me that she would trust me with be- 
ing my own banker ; for she had made a 
good deal of private inquiry how I had ber 
haved when I was out of her sight through 
the day ; and was satisfied with my con* 

During my two years' stay at Edisr* 
burgh, I somehow took a violent inclination 
to study anatomy, surgery, and physic^ all 
from reading of books, and conversing with 
gentlemen on these subjects; which, for 
that time, put all thoughts of astronomy 
out of my mind, and I had no inclination 
to become acquainted with any one there 
who taught either mathematics or astro-* 
nomy : for nothing would serve me but to 
be a doctor. 

At the end of the second year I left 
Edinburgh, and went to see my father, 
thinking myself tolerably well qualified to 
be a physician in that part of the country ; 

FbLL d :. 
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and I carried a good deal of medicines, 
plasters, &c. thither. — But, to my morti- 
fication, I soon fomid that all my medical 
theories and study were of little \ise in prac- 
tice. And then, finding that very few 
paid me for the medicines they had, and 
that I was far from being so successful as I 
could wish, I quite left off that business* 
and began to think of taking to the more 

sure one of drawing pictures again. For 

this purpose I went to Inverness, where I 
had eight months business. 

When I was there, I began to think of 
astronomy again ; and was heartily sorry 
for having quite neglected it at Edinburgh^ 
where I might have improved my know- 
ledge, by conversing with those who were 
very able to assist me. — I began to com- 
pare the ecliptic with its twelve signs 
(through which the s\m goes in twelve 
months) to the circle of twelve hours on 
the dial-plate of the watch, the hour-hand 
to the Sim, and the minute-hand to the 
moon, moving in the ecliptic; the one 
always overtaking the other, at a place for- 
warder than it did at their last conjunction 
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before. On. this, I contrived and finished 
a schteme on paper for shewing the motions 
and pliace^ of the sun and moon in the 
ecliptic on each day of the year, perpetu- 
ally ; and, consequently, the days of all the 
new and full moons. 

To this I wanted to add a method for 
shewing the eclipses of the sun and moon ; 
of which I knew the cause long before^ by 
having observed that the moon was, for one 
half of her period, on the north side of the 
ecliptic, and for the other half on the south. 
But having not observed her course long 
enough among the stars by my above-men- 
tioned thread, so as to delineate her path 
upon my celestial map, in order to find the' 
two opposite points of the ecliptic in which 
her orbit crosses it, I was altogether at a 
loss how and where in the ecliptic (in my 
scheme) to place these intersecdng points : 
this was in the year 1739. 

At last, I recollected, that when I was 
with 'Squire Grant of Achoynaney in the 
year 1730, I had read, that on the i^'of 
January 1690, the moon's ascending node 

d^ 
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was in the I o^ minute of the first degree 
of Aries ; and that her nodes moved back-^ 
ward through the whole ecliptic in 1 8 years 
and ia4 days, which was at the rate of 3 
min. II sec. every a4 hours. But, as I 
scarce knew in the year 1730 what the 
moon's nodes meant, I took no further no- 
tice of it at that time. 

However^ in the year 17399 I set to 
work at Inverness ; and, after a tedious cal- 
culation df the slow motion of the nodes, 
from Jan. 1690 to Jan., i74o» it appeared 
to me, that (if I was sure I had remember- 
ed right) the moon's ascending node must 
be in a3 deg. aj; min. of Cancer at the be^. 
ginning of the year 1 740. And so I add- 
ed the eclipse*part to my scheme, and call- 
ed it Tbt Astronomical Roiula. 

m 

When I had finished it, I shewed it to 
the Reverend Mr. Alexander Macbean, 
one of the ministers at Inverness, who told 
me he had a set of almanacks by him for 
several years past, and would examine it by 
the eclipses mentioned in them. We ex- 
amined it together^ and found that it agreed 
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throughout ^th the days of all the new 
and full moons and eclipses mentioned in 
these almanacks ; which made me think J 
had constructed it upon true astronomical 
principles. On this, Mr* Macbean desired 
me to write to Mr. Maclaurin, professor of 
the mathematics at Edinburgh, and gi^e 
him an account of the methods by which 
I had formed my plan, requesting him to 
correct it where it was wrong. He return- 
ed me a polite and friendly answer (al- 
though I had never seen him during my 
stay at Edinburgh), and informed me that 
I had only mistaken the mean place c^ the 
ascending node by a quarter of a degree ; 
and that, if I would send the drawing p{ 
my rotula to him, he would examine it, 
and endeavour to procure me a subscrip- 
tion to defray the charges of engraving it 
on copperplates, if I chose to publish it. I 
then made a new and correct drawing of 
it, and sent it to him, who soon got me a 
very handsome subscription, by setting the 
example himself, and sending subscription- 
papers to others. 

I THEN returned to' Edinburgh, and had 

d3 
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the rotula*plates engraved there by Mr, 
Cooper." It has gone through several im-r 
pression^ and always sold very well till the 
year 1752, when the stile was changed , 
which rendered It quite useless. — Mr. Mac- 
laurin received me with the greatest civility 
when I first went to see him at Edinburgh. 
He then became an exceeding good friend 
to me^ and continued so till his death. 

One day I requested him to shew me his 
orrery, which he immediately did. I was 
greatly delighted with the motions of the 
eardi and moon in it, and would gladly 
have seen the wheeUwork, which was con-» 
cealed in a brass box, and the box anc^ 
planets above it were surrounded by an ar-f 
miliary sphere. But he told me, that he 
never had opened it; and I could easily 
perceive that it could not be opened bu^ 
by the hand of some ingenious clock* 
maker, and not without a great deal 0% 
time and trouble. 



' Cooper was master to the justly celebrated Mr. Robert 
Strange, who was at that time l^is apprentice. 
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After a great deal of thinking and caU 
cidation, I found that I could contrive the 
wheel-work for turning the planets in such 
a machine^ and giving them their progres- 
sive motions ; but should be very well sa- 
tisfied if I could make an orrery to shew 
the motions of the earth and moon, and of 
the sun round its axis. I then employed a 
turner to make me a sufficient number of 
wheels and axles, according to patterns 
which I gave him in drawing : and, after 
having cut the teeth in the wheels by a 
knife, and put the whole together, I found 
that it answered all my expectations. It 
shewed the sun's motion round his axis, the 
diurnal and annual motions of the earth 
on its inclined axis, which kept its paral- 
lelism in its whole course round the sun ; 
the motions and phases of the moon, with 
the retrograde motions of the nodes of her 
orbit ; and consequently, all the variety of 
seasons, the diflFerent lengths of days and 
nights, the days of the new and full moons^ 
and eclipses. 

When it was all completed, except the 
box that covers the wheels, I shewed it to 
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Mr. Maclaurin, who commended it in pre- 
sence of a great' many young gentlemen 
who attended his lectures. He desired me 
to read them a lectiire on it, which I did 
without hesitation, seeing I had no reason 
to be afraid of speaking before a great and 
good man who was my friend. Soon after 
that I sent it in a present to the reverend 
and ingenious Mr. Alexander Irvine, one 
of the ministers at Elgin in Scotland. 

I THEN made a smaller and neater orre- 
ry, of which all the wheels were of ivory, 
and I cut the teeth in them with a file. — 
This was done in the beginning of the 
year 1 743 ; and, in May that year, I 
brought it with me to London, where it 
was soon after bought by Sir Dudley Rider, 
I have made six orreries since that time, 
and there are not any two of them in 
which the wheel-work is alike : for I could 
never bear to copy one thing of that kind 
from another, because I still saw there was 
great roDm for improvements. 

I HAD a letter of recommendation from 
Mr. Baron Edlin, at Edinburgh, to the 




LIFE OF THE AUTH(»l. Ivii 

rigbt hoiioiirable Stephen Poyntz, Esq. 
at Sk James'9, who had been preceptor to 
hia royal highness the late dnke of Cum* 
berland, and was well known to be possess- 
ed of all the good qualities that can adorn 
a human mind. To me his goodness was 
really beyond my power of expression ; and 
I had not been a month in London till he 
informed me that he had wrote to an exni'« 
nent professor of mathematics to take me 
into his house, and give me board and 
lodging, with all proper instructions to qua- 
lify me for teaching a mathematical school 
he (Mr. Poyntz) had 'in view for me, and 
would get me settled in it. This I should 
have liked very well, especially as I began 
to be tired of drawing pictures, in which, 
I confess, I never strove to excel, because 
my mind was still pursuing things more 
agreeable. He soon after told me he had 
just received an answer from the mathema? 
tical master, desiring I might be sent im- 
mediately to him. On hearing this, I told 
Mr. Poyntz, that I did not know how to 
maintain my wife during the time I must 
be under the master's tuition. What, says 
he, are you a married man ? I told him I 
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had been so, ever since May in the year 
1739. He said he was sorry for it, be- 
cause it quite defeated his scheme ; as the 
master of the school he had in view for me 
must be a batchelor. 

He then asked me, what business I in« 
tended to follow ? I answered, that I knew 
of none besides that of drawing pictures. 
On this he desired me to draw the pictures 
of his lady and children, that he might 
shew them in order to recommend me to 
others ; and told me, that, when I was out 
of business, I should 'come to him, and he 
would find me as much as he could : and 
I soon found as much as I could execute : 
but he died in a few years after, to my in* 
expressible grief. 

Soon afterwards, it appeared to me, that 
although the moon goes round the earth, 
and that the sun is far on the outside of 
the moon's, orbit, yet the moon's motion 
must be in a line that is always concave 
toward the sun : and upon making a de- 
lineation, representing her absolute path in 
the heavens, I found it to be really so, I 
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then made a simple machine for deUneat- 
ing both her path and the earth's, on a 
long paper laid on the floor. I carried the 
machine and delineation to the late Martin 
Folkes, Esquire, President of the Royal So- 
ciety, on a Thursday afternoon. He ex- 
pressed great satisfaction at seeing it, as it 
was a new discovery; and took me that 
evening with him to the Royal Society, 
where I shewed the delineation, and the 
method of doing it. 

When the business of the society was 
over, one of the members desired me to 
dine with him next Saturday at Hackney; 
telling me that his name was Ellicott, and 
that he was a watchmaker. 

I ACCORDINGLY Went to Hackney, and 
was kindly received by Mr. John Ellicott, 
who then shewed me the very same Idnd of 
delineation, and part of the machine by 
which he had done it ; telling me that he 
had thought of it twenty years before. I 
could easily see, by the colour of the 
paper, and of the ink lines upon it, that 
it must; have been done many years ber 
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fbre I saw it. He then told me what wat 
▼ery 'certain, that he had neither stolen 
the thought from me, nor had I from him. 
And from that time till his death, Mr. £1- 
licott was one of my best friends. The 
figure of this machine and delineation \% 
in the seventh plate of my book of Astro<- 
nomy. 

Soon after the stile was changed, I had 
my Rotula new engraved ; but have ne- 
glected it too much by not fitting it up and 
advertising it.. After this, I drew out a 
scheme, and had it engraved, for shewing 
all the problems of the rotula except the 
eclipses: and, in place of that, it shews 
the times of rising and setting of the sun, 
moon, and stars ; and the positions of the 
stars for any time of the night. 

In the year 1747, I published a Disser- 
tation on the phenomena of the harvest 
moon, with the description of a new or- 
rery,- in which there are only four wheels. 
But having never had a grammatical educa^ 
tion, nor time to study the rules of just 
composition, I acknowledge that I was 




UF£ OF THE At3TH0IU 1x1 

to pit it to the press ; and for the 
same cause, I ought to have the same fears 
stilL But having the pleasure to find that 
this my first work was not ill received, I 
was emboldened to go on, in publishing 
my Astronomy, Mechanical lectures, Table 
and Tracts relative to several arts and 
sciences, the Young gentleman and lady's 
astronomy, a small Treatise on electricity^ 
and my Select Mechanical exercises. 

In the year 1 748, I ventured to read 
lectures on the eclipse of the sun that fell 
on the 14** of July in that year. After- 
wards I began to read astronomical lectures 
on an orrery which I made, and of which 
the figures of all the wheel-work are con- 
tained in the sixth and seventh plates of 
my Mechanical exercises. I next began to 
make an apparatus for lectures on me* 
chanics, and gradually increased the appa^- 
ratus for other palta of experimental phi- 
losophy, buying from others what I could 
not make for myself, till I brought it to 
its present state. I then entirely left off 
drawing pictures, and employed myself in 
the much pleasanter business of reading 
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kctures on mechanics, hydrostatics, hy-r 
draulicS) pneumatics, electricity, and astro- 
nomy: in all which, my encouragement 
has been greater than I could have expected. 

The best machine I ever contrived is the 
Eclipsareon^ of which there is a figure in 
the thirteenth plate of my astronomy* It 
shews the time, quantity, duration, and 
progress, of solar eclipses at all parts of the 
earth. My next best contrivance is the 
Universal dialing cylinder, of which there 
is a figure in the eighth plate of the Sup-^ 
plement to my Mechanical lectures/ 

It is now thirty years ance I came to 
London ; and during all that time I have 
met with the highest instances of friend-^ 
ship from all ranks of people both in tovnx 
and country, which I do here acknow- 
ledge vnxk the utmost respect and grati- 
tude ; and particularly the goodness of 
our present gracious sovereign, who, out 
of his privy purse, allows me fifty pounds 
a-year, which is regularly paid, without 
any deduction. 



■*■•* 



^ See vol. ii, p. 281. 
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JLo the preceding account of Mr. Fer- 
guson's life, it may be proper to add, that 
he was elected a member of the Royal So- 
ciety of London, without paying the usual 
fees of admission. This honour, which had 
been conferred on the illustrious Newton, 
and on that ingenious and self-taught mathe-* 
xnatician Mr. Thomas Simson of Woolwich, 
was generally reserved for such foreigners 
at were distinguished by their philosophi-^ 
cal and literary attainments ; and strongly 
marks the estimation in which Mr. Fer-- 
guson was held by that learned body. 
In 1 770, he was chosen a member of the 
American philosophical society; and by 
the translation of his Astronomy into the 
Swedish language, his fame as a popular 
writer was extended beyond his native 
country. His lectures on experimental 
philosophy were frequently honoured with 
the presence of our gracious sovereign, 
who took great pleasure in conversing 
with Mr. Ferguson upon scientific subjects, 
and distinguished him by numerous marks 
of his royal favour. While he was thus 
enjoying, in the evening of his days, the 
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respect of philosophers, and the favour of 
his king, he was afflicted with a lingering 
illness, which closed his useful and honour- 
able life on the 16** of November 1776, in 
the 66*'' year of his age. 

Mr. Ferguson possessed a clear judg* 
ment, and was capable of thinking and 
writing on philhsophical subjects with 
great accuracy and precision. He had a 
peculiar talent for simplifying what was 
complex, for rendering intelligible what 
wras abstracted, and for bringing down to 
the lowest capacities what was nslturally 
above them. His unwearied assiduity in 
the acquisition of knowledge , may be in- 
ferred from the great variety of his publi- 
cations ; and when we reflect upon the 
very unfavourable circumstances in which 
he was educated, and the little assistancef 
which he received from others, we cannot' 
fail to wonder at the stile in which all his 
works are composed. On some occasions 
his stile is imcommonly correct and ani- 
mated. When admiring the displays of 
wisdom and beneficence in the economy . 
of nature, he often rises into a species of 
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tloquence, characterised by the most art-* 
less simplicity, and infinitely more aflFect- 
ing than the laboured and polished periods 
of the professed orator. In his manners 
he was a£&ble and mild ; in his disposi- 
tions communicative and benevolent. He 
was distinguished by none of those pecu- 
liarities of temper, and eccentricities of con- 
duct, which we generally observe in lite- 
rary men^ If Mr. Ferguson had any 
foibles, they * leaned to virtue's side ;' and 
even his wonderful simplicity of charac- 
ter, which, in a state of artificial manners, 
is too apt to be regarded as a failings and 
exposed to ridicule and scorn, tended only 
to heighten the respect in which he was 
constantly held^-^n the religious charac- 
ter of our author, there is still more to ad-^ 
mire. The anxieties and changes of his 
eventful life never effaced the religious im- 
pressions of his youth, but rather strength- 
ened those principles of duty which the 
piety of his parents had early implanted ; 
and confirmed him in the belief of those 
peculiar doctrines of our faith, which are 
the surest foundation of moral practice, 
and best fitted to inspire us with happiness 

c 
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and hope, when the concerns of the pre- 
sent life can interest us no more. With 
such a character, and under such impres- 
sions, Mr. Ferguson lived and died : and 
while we respect his talents and admire his 
virtues, may it be our first wish to imitate 
his example, and follow in his steps. — Ed, 
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LECTURE L 



OP MATTIR AND IT8 PBlOPXRYIBS. 



^S the design of the Hrst pint of this course lect^ 
h to explain and demonstratB thos^ laws by '- 
tdiich the material universe is coyefinbd^ I'^gu- ^ 
bted^ and continued ; and by which the various 
iq>pearanc^ tn nature are accounted fof , it is i^- 
iquisite to begin with explaining the plroperties of 
matter. 

By the word nuUter Is here meant every thing Mattery 
that has length, breadth, and thickness^ and re- ^'^ 
sists the touchfc 

The inharent projperdes of matter are sofidity , its prbper^ 
inactivity, mobility^ and divisibility/ 



Mt^* 



_ t ■ 

' Some kte writers have increlMed the j;enthdpropertiet 
of matter to twelve, namely, eKtennm^ mii^iB^^ fgwralU 

fniiUi&fff eloHtcky, MMiBiy^ moUkf^ maamiy» It was 
formerly thought that ftuida were iooomprestible, and that 
many bodies were not elastic* The compressibility of 
fluids^ howereri is now completely ascertained i and the 
ioftest bodies^ even clay itselt^ hate been found elastic.— • 
Ed. 
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The solidity of matter arises from its having 
length, breadth , and thickness ; and hence it is that 

Solidity ^ bodies are comprehended mider some shape 
or other, and that each particular body hinders 
all others from occupying the same part of space 
\(rhich it possesses. Thus, if a piece of wood o^ 
metal be squeezed ever so haxd between two 
plates, they cannot be brought into contact. 
And even water or air has this property ; for if 
a small quantity of either be fixed between any 
other bodies, they cannot be brought to touch 
one another. 

tnctivitx. A second property of matter is inactivity ^ or 
passiveness ; by which it alviravs endeavours to 
tondnue in the state that it is in, whether of 
rest or motion. And therefore, if one body 
contains tvidce or thrice as much matter as an- 
other body does, it will have twice or thrice as* 
much inactivity; that is, it will require twice 
or thrice as much force to give it an equal de- 
gree of motion, or to stop it after it hath been 
put into such a motbn. 

That matter can never put itself into motion 
is allowed by all men. For they see that a stone, 
lying on the plain surface of the earth, never re- 
moves itself from that place ; nor does any one 
imagine it ever can. But most people are apt 
to believe, that all matter has a propensity to fall 
from a state of motion into a state of rest ; be- 
cause they see that if a stone or a cannon-ball 
be put into ever so violent; a motion, it soon 
stops ; not considering that this stoppage is caus- 
ed, 1. By the gravity or weight of the body, 
which ^nks it to the ground in spite of the im- 
pulse} and, 2. By the resistance of the air through 
which it moves, and by which its velocity is re- 
tarded every moment till it falls. 
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A bowl moves but a shoit way upon a bowl- lect. 

ing green ; because the roughness and uneven- ^• 

ness of the grassy surface soon creates friction 
enough to stop it. But if the green were per- 
fectly level, and covered with polished glass, 
and the bowl were perfectly hanl, round, and 
smooth, it would go a great way farther, as it 
would have nothing but the air to resist it ; if 
then the air were taken away, the bowl would 
go on without any fricjtion, and consequently 
without any diminution of the velocity it had 
at setting out : and therefore, if the green were 
extended quite around the earth, the bowl would 
go on, round and round the earth, for ever. 

If the bowl were carried several miles above 
the earth, and there projected in a horizontal 
direction, with such a velocity as would make it 
move more than a semidiameter of the earth in the 
time it would take to fall to the earth by mvity i 
in that case, and if there were no resistmg me- 
dium in the way, the bowl would not fall to the 
earth at all, but would continue to circulate 
round it, keeping always in the same track, and 
returning to the same point from which it was 
projected, with the same velocity as at first. In 
this mianner the moon goes round the eanh, 
although she be as unactive and dead as any 
stone upon it. 

The third property of matter is molnlity ; for Motoitj. 
we find that all matter is capable of being mov- 
ed, if a sufficient degree of force be applied to 
Overcome its inactivity or resistance. 

The fourth property of matter is divmbility^^'^^^'' 
of which there can be no end. For, since mat- ^' 
ter can never be annihilated by cutting or break- 
ing, v^ e can never imagine it to be cut into such 
small particles, but that if one of them be laid 
•n a ^le, the uppemost side of it will be fur- 
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Uicv. ther from the table than the undermost aide* 

'; ^ Moreover, it would be absurd to say that the 

greatest mountain on earth has more halves, 
quarters, or tenth parts, than the smallest partide 
of matter has. 

We have many surprising instances of the 
smallness to which matter caii be divided by 
art ; of which the two following are very re- 
markable. 

1. If a pound of silver be melted with a single 
grain of gold, the gold will be equally diffused 
through the whole silver ; so that taking one 
grain m>m any part of the mass (in which there 
can be no more than the 5760^^ part of a grain 
of gold), and dissolving it in aquajortisj the 
gold will fall to the bottom. 

2. The gold-beaters can extend a grain of 
gold into a leaf containing 50 square inches; 
and this leaf may be divided into 500,000 vi- 
sible parts. For an inch in length can be divided 
into 100 parts, every one of which will be vi- 
sible to the bare eye : consequently a square inch 
can be divided into 10,000 parts, and fifty square 
inches into 500,000. And if one of these parts 
be viewed with a microscope that magnifies the 
diameter of an object only ten times, it will 
magnify the area 100 times ; and then the 100^ 
part of a 500,000*** part of a grain (that is, the 
fifty millionth part) will be vi^le. Such leaves 
are commonly used in gilding ; and they are so 
very thin, that if 124,500 of them were laid 
upon one another, and pressed together, they 
would not exceed one inch in thickness.* 



* It would require 300^000 of tbele leaves to make aa 
inch. The tenuitj of gold leaf is so ^reat, that it is io 
some measure transparent. When it is interposed between 
the eye and cstcroil objectSi ih$j are distincdy perceived 
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Tet all this is nothing in comparison of the lect. 
lengths that nature goes in the division of mat* '* 
ter ; for Mr. Leewenhoek tells us, that there are ' " 
more animals in the milt of a single cod-iish, 
than there are men upon the i;t^hole earth ; and 
that, by comparing these animals in a micro- 
scope with grains of common sand, it appeared 
that one single grain is bigger than four millions 
of them. Now each animal must have heart, 
arteries, veins, muscles,' and nerves, otherwise 
they could neither live nor move. How incon- 
ceivably small then must the particles of their 
blood be, to circulate through the smallest rami- 
fications and joinings of then* arteries and veins ? 
It has been found by calculation, that a particle 
of their blood must be as much smaller than a 
globe of the tenth part of an inch in diameter, 
as that globe is smaller than the whole earth ; 
and yet, if these particles be compared with the 
particles of Kght, they will be found to exceed 
them as much in bulk as mountains do single 
grains of sand. For, the force of any body 
striking against an obstacle is directly in propor- 
tion to its quantity of matter multiplied mto its 
Velocity ; and ance the velocity of the particles 
of light is demonstrated to be at least a milUon 
times greater than the velocity of a cannon ball^ 
it is flmRj that if a million of these particles were 
as bog as a single gram of sand, we durst no 
more open our eyes to the' light, than we durst 



of a greeouh colour. When a small quantity of silrer it 
combued widi the gold, the colour of external objects be- 
comes a fine blue, the deepness of the tint increasing 
with the quantity of silver. Hence it raay be inferred, that 
if silver leaf were sufficiently thin» it would exhibit objects 
of a dark blue colour. This i-emark I owe to Professor 
I^cslie. Ed. 

A3 



/ 




B Of the Properties of Matter^ 

expose them to sand, shot point-blank from a 
cannon. 

Th^ matter is infinitely divisible in a matfa&> 
matical sense, is easy to be demonstrated. For^ 
let W jB be the length of a particle to be divid- 
ed ; smd let it be touched at opposite ends by 
the parallel lines C D and E Fj which suppose 
to be infinitely extended beyond D and F. Set 
Jt^MnT oflF the equal divisions BC^GHyHI, &c. on the 
of^tc<^^ line EFj toward the right hand from jB ; and 
proyeA take a point, as ^t Rj anywhere toward the left 
hand from ji^ in the line CD: then, from this 
point, draw the right lines RGy RHj RIj &c. 
each pf which will cut off a part from the pai^ 
tide ji B* But after any finite number of such 
h'nes SM'e drawn, there will still remain a part, as 
A Pj at the top of the particle, which can never 
be cut off; because the lines D Rj and h F be- 
ing parallel, no line can ever be drawn from the 
pomt R to any point of the line E F that will 
coincide with line R D. Therefore the particle 
AB contains more than any finite number of 
parts.' 
tioo. A fifth property of matter is attraction^ which 
seems rather to be infused than inherent. Of 
this ther^ are four kinds, viz. cohesiouj^ gramtom 
tiorij magneli^mf and electricity. 



^^ 



' The aboTc reasoning is merely ideal* and only shewi^ 
that we can conceive extension to be infinitely divisihle. The 
doctrine of the infinite divisibility of matter is incapable of 
proof.— Ed. 

4 The attraction of cohesion is divided into two kin^i^ 
namely* the attraction of a^regation^ and the attraction rf 
coffipoiition or affinity. The tendency of the homogeneous 
parts of matter to each other* or the force by which they 
adhere* is called the attraction oi aggregation; and the force 
which is exerted between the particles of heterogeneous 
bodies* and by which they unite and form a body differing 
more or less from its component partSy is called the attract 
tioM of composition or ^^Uur^.— -Ed. 
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The attraction of cohesion is that by which the LEpr, 
small parts of matter are made to stick and co- . ^ 
here together. Of this we have several instances, coheiion. 
some of which follow. 

1 • If a small glass tube^ open at both ends, 
be dipt in water, the water will rise up in the 
tube to a considerable height above its level in 
the bason ; which must be owing to the attrac- 
tion of a ring of particles of the glass all round 
in the tube, immediately above those to which 
the water at any instant rises. And when it 
has risen so high, that the weight of the column 
balances the attraction of the tube, it rises no 
higher. This can be nowise owing to the press- 
ure of the air upon the water in the bason ; for., 
as the tube is open at top, it is full of air above 
the water, which will press as much upon the 
water in the tube as the ndghbouring air does 
upon any column of an equ^ diameter in the 
bason.' Besides, if the same experiment be 
made in the exhausted receiver of an air pump, 
there will be found no diflference.^ 



' An experimeot more curious, and better fitted for il- 
lustrating tliis sul^ecty miy be made in the following man* 
ner. — ^Having procured two piecet of glass, about six inches 
square^ join any two of their sides, and separate the op- 
posite sides with a. piece of wax, so that their surfaces nuy 
form an angle of about two or three degrees. Immerse this 
apparatus about an inch deep in« bason of water, and the 
water will rise between the folates of glass, end form a beau- 
tiful hyperbola, haying for its asymptotes a line parallel to 
the surface of the water, and the common section of the 
two planefe— -Ed. 

^ The cause of this remarkable phenomenon, which was 
first noticed, by the academy del Cimenio at Florence, has 
hitherto been imperfectly understood. Some philosophers 
ascribe the suspension of the column of water to a diminution 
of its graVity, by its adhesion to the tube, or by friction. Dr. 
Jurin( Phil. Trans. N^ 355, 363, Vol. xxx^Art. 2.) supposes, 

% with 
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2. A piece of loaf-sugar will draw up a fiuid, 
and a sponge will draw in water ; and on the 
same principle sap ascends in trees. 

S. If two drops of quicksilver be placed near 



with our author, that the rise of the water is produced by 
the action of the rin^ of glau contigi^us to the top of the 
column. Dr. Hamutpo maintaiBSy that the winter sp the 
tube i» supported by the action of the ling of glass conti* 

Sous to the bottom of the tube ; and CaTallo imagine^ 
It the whole surface of the glass, which is in contact 
with the cohuan of fluids is concerned in supporting the 
water in the tube. This subject has been treated by PftH 
iessor Leslie with his uijqal ingenuity. iHe has.shewn, that 
the cpnunon explanation of the phenpincaon is insufficient! 
as the ring of glass immediately below the surface of the 
water, would destroy the effect produced hj the ring im^ 
mediately abo?e it. When a drc^ of water is put upon m 
horizontal plate of glass, it will quit its fflobuliur fimii, ad^ 
here to the glass, and spread oiitinto a thin aqueous fika. 
This diffusion of the fluid does not arise from the incumbent 
weight of the water, fots the same effect will be produced 
if the drop is put upon the under side of the plate, but 
from the attraction of the glass, which diffuses the water 
in the same way as if it were urged by the pressure of i^ 
column acting upon its surface. If the plate be held ver- 
tically, the aqueous film will still adhere» but only to a 
certain limited elevation, depending on its thickness, for the 
gravity of the water acts in oppo^'on to the action of the 
glass. The same reasoning is applicable in the case of 
capillary tubes* The attraction of the internal surfice it 
exerted on a thin circular lining, but this force is diluted 
and attenuated by the pressure of the water which adheres 
to the film, and occupies the cavity of the tube. Mr. 
Leslie also found, that alcohol rises a tittle more than a 
third part of the height to which water ascends ; that the 
rise of the liquor was not augmented when the alcohol was 
diluted ; but that when a few drops of alcohol were added 
to the water, the column suffered a remarkable depression. 
When quicksilver is placed in capillary tubes, it is depress* 
ed instead of being elevate^d. This arises from its tendency 
to affect the spherical form, the attraction between the par- 
tides of quicksilver being greater than that which existi 
between the same particles and those of glass.— Ed. 

3 
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each other, they will run together and become l£CT. 
one large drop. i '* 

4. It two pieces of lead be scraped clean, and ^""^^ 
pressed together with a twist, they will attract 
each other so strongly, as to require a force 
much greater than their own weight to separate 
them. And this cannot be owing to the pressiu-e 

of the air, for the same thing will hold in an ex- 
hausted receiver. 

5. If two polished plates of marble or brass 
be put together, with a little oil between them 
to fill up the pores in their surfaces, and pre- 
vent the lodgement of any air, they will cohere 
so strongly, even if suspended in an exhausted 
receiver, that the weight of the lower plate will 
not be able to separate it from the upper one. 
In putting these plates together, the one should 
be rubbed upon the other, as a joiner does two 
pieces of wood when he glues them.^ 

6. If two pieces of cork, equal in weight, be 
put near each other in a bason of water, they 
will move equally fast toward each other with 



^ The experiment thus atated does not properly exempli- 
fy the attn :tion of cohetion \ for when oily or any other 
fluids is interposed between the plates of marble, it may 
reasonably be conjectured that the cohesion of the surfaces 
aiises from the viscidity of the intermediate substance. 
Those who have been in the habit of constructing metals 
for reflcctinflT telescopes, may probably have seen a strikr 
ing exemplification of this species of attraction. The 
£ditor of this work has ground together a convex and a 
concave brass tool, with such accuracy, that the one would 
raise the other kom the ground without the interposition 
of any liquid, though its weight was about two pounds, 
and the contiguous surfaces completely polished. When 
the tools of brass are small, the one will raise the other, 
even when a fibre of silk is placed between their surfaces. 
—Ed. 
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an accelerated motion^ unt3 they meet; and 
then, if either of them be moved, it will draw the 
other after it. If two corks of unequal weights 
be placed near each other, they will approach 
\vith accelerated velocities inversely proportional* 
to their weights ; that is, the lighter cork will 
move as much faster than the heavier, as the 



^ When two variable or changeable quantities^ Ji and 
Bf are so related to each other, that when the one incrcmiet 
or diminishes, the other increases or diminishes in the same 
proportion^ jf is said to be directly frofmrtional to B. Thus, 
if A represents the attraction of any planet, and B its 
quantity of matter, A is directly proportional to ^ ; be- 
cause it the quantity of matter is doubled^ the force of at- 
traction is also doubled, and vice vtrsa* If when B in- 
creascK, j1 diminishes, or when B diminishes j4 increaKS, 
yf is then said to be inversely proportional to B* Thus, if 
ji represents the part of a planet's orbit, through which it 
has m'^yed, and B the part which it has to traverse, A ia 
inversely proportional to Bj for it is evident, that as the 
part of the orbit moved through increases, the remaining 
part must diminish in the same proportion, and vice veriOm 
If jf increases as the square of B increases, jf is said to be 
directly proportional to the square of B. If A increases as 
the square of B diminishes, j4 is said to be inversely propmr* 
tUmal to the square of B^ or inversefy as the square of B, la 
this case, if A be the force of grravity, and B the distance, 
then, because it is found by observation, that when the 
distance is doubled, gpravity is four tiroes weaker ; and 
when tripled, nine times weaker, and so on, the force of 
gravity is said to be inversely as the square of the distance. 
It is well known, tliat the force of gravity depends upon 
two causes, upon the quantity of matter in the body which 
exerts the force, and on the distance of the body upon 
which that force is exerted. The force of gravity, there- 
fore, is said to be directly as the quantity of matter, aqd 
rnvtrsely as the square of the distance. As these expressions 
occur frequently in the course of this work, it will be use- 
ful to the reader to make them familiar to his mind, for 
he will look in vain for an explanation of them in element- 
ary treatises on natural philosophy. — £p. 
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heavier exceeds the lighter in weight. This lect. 
shews that the attraction of ea(fi) cork is in direct '* 
proportion to its weight or quantity of matter.^ ' 

This kiod of attraction reaches but to a very 
small distance ; for, if two drops of quicksilver 
be rolled in dust, they will not run together, 
because the particles of dust keep them out of 
each other's attraction. 

Where the sphere of attraction ends, a repul- RcpnWos. 
Mive force begins t thus, water repels most bodies 
till they are wet ; and hence it is, that a small 
needle, if dry, swims upon water ; and flies walk 
upon it without wetting their feet. ' 

The repelling force of the particles of a fluid 
is but small; and therefore, if a fluid be di- 
vided, it easily unites again. But if a glass, or 
any other hard substance, be broke into small 
parts, they cannot be made to stick together 
again without being first wetted ; the repulsion 
being too great to admit of a re^union. 

The repelling force between water and oil is 
so great, that we find it almost impossible to mix 
them so as not to separate again. If a ball of 
light wood be dipt in oil, and then put into wa« 



* The approach of the corks, in this experiment, is not 
produced by their mutual attraction. Each piece of cork 
*js encompassed with a ring of water, elevated above the 
level ' f the fluid iii the bason by the attractton of cohe- 
sion i and it is in consequence of the mutual action of 
these fluid rings, that the floating corks rush into contact. 
—Ed. 

» These phenomena do not arise from any repulsive force 
in the needle, or in the feet of flies The internal cohe- 
aion of the water, says Mr. Leslie, opposes its division ; a 
gentle cavity is formed^ which| pressing upwards, supports 
the needle. — £p. 
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UCT. ter, the water will recede so as to form a chail« 

^; , nel of some dq)iih all around the ball. 

The repulsive force of the particles of air is so 
great, that thejr can never be brought so near 
together by condensation as to make them stid^ 
or cohere. Hence' it is, that when the weight 
of the incumbent atmosphere is taken off from 
any small quantity of air, that quantity will dif- 
fuse itself so as to occupy (in comparison) an 
infinitely greater portion of space than it dkl 
before. 
GnTita- jittractum of gravitation is that power by 
^^^ which distant bodies tend toward one another. 
Of this we have daily instances in the falling of 
bodies to the earth. By this power in the earth 
it is, that bodies, on whatever side, fall in lines 
perpendicular to its surface ; and consequently, 
oa opposite* sides, they fall in opposite direc- 
tions ; all toward the centre, where the force of 
gravity is as it were accumulated : and by this 
power it is, that bodies on the earth's surface 
are kept to it on all sides, so that they cannot 
fall from it. And as it acts upon all bodies in 
proportion to their respective quantities of mat- 
ter, without any regard to their bulks or figures, 
it accordingly constitutes their weight. Hence, 
If two bodies which contain equal quantities 
of matter, were placed at ever so great a dis- 
tance from one another, and then left at liberty 
in free space ; if there were no other bodies in 
the universe to affect them, they would fall 
equally swift toward one another by the power 
of gravity, with velocities accelerated as they 
approached each others and would meet in a 
pomt which was half-way between them at first. 
Or, if two bodies, containing imequal quantities 
of matter, were placed at any distance, and left 
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in the same manner at liberty, they would iall lect. 
toward one another with veloddes which would , |' , 
be in an inverse proportion to their respecdve 
Guandties of matter; and moving faster and 
nister in their mutual approach, would at last 
meet in a point as much nearer to the place 
from which the heavier body began to £U1, than 
to the place from which the lighter body began 
to fall, as. the quantity of matter in the former 
exceeded that in the latter. 

All bodies that we know of have gravity or 
weighL For, that there is no such thing as 
posidve levity^ even in smoke, vapours, and 
fumes, is demonstrable by experiments on the 
air pump ; which shews, that although the smoke 
of a candle ascends to the top of a tall receiver 
when fiill of air, yet, upon the airs being ex- 
hausted out of the receiver, the smoke falls down 
to the bottom of it. So, if a piece of wood be 
inunersed in a jar of water, the wood will rise ^ 
to the top of the water, because it has a less de- 
gree of weight than its bulk of v^ter has ; but 
if the jar be empded of water, the wood falls to 
the bottom. 

As every particle of matter has its proper oravity;de. 
gravity, the effect of the whole must be in pro-""^^^ 
pordon to the number of the attracting panicles; quantkyof 
that is, as the quandty of matter in the whole ^^ *" 
body. This is demonstrable by experiments on 
pendulums ; for, if they are of equal lengths, 
whatever their weights be, th^ vibrate in equal 
times. Now it is plain, that if^one be double or 
triple the weight of another, it must require a 
double or triple power of gravity to make it 
move with the same celerity ; just as it would 
require a double or triple force to project a bul- 
let of twenty or thirty pouncj^ weight, with the^ 
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LECT. same degree of swiftness that a bullet of teh 
^ pounds would require. Hence it is evident, tint 
the power or force of gravity is always propoi*- 
tional to the quantity of matter in bodies, what- 
ever their bulks or figures are. 
It decreaKt Gravity also, like all other virtues or emanai^ 
at the tions which proceed or issue from a centre, de- 
SS^^ce cr^^ses as the distance multiplied by itself hi- 
increases, creases : that is, a body at twice the distance of 
another, attracts with only a fourth part of xht 
force ; at thrice the distance, with a ninth part ; 
at four times the distance, with a sixteenth part ; 
and so on. This, too, is confirmed by compar* 
ing the distance which the moon falls in a mi- 
nute, from a right line touching her ori)it, with 
the distance through which heavy bodies neat 
the earth fall in that time ; and also, by compar- 
ing the forces which retain Jupiter's moons in 
their orbits, with their respective distances froni 
Jupiter. These forces will be explained in the 
next lecture. 

The velocity which bodies near the earth ac- 
quire in descending freely by the force of gra- 
vity, is proportional to tne times of their de- 
scent. For, as the power of gravity does not 
consist in a single impulse, but is always operat- 
ing in a constant and uniform manner, it must 
produce equal effects in equal times ; and conse- 
quently in a double or triple time, a double or 
triple effect : and so, by acting uniformly on the 
body, must accelerate its motion proportionabijr 
to the time of its descent. * 



^ It appears from the experiments of the late Mr. White* 
iiursty on pendulums^ tkat the space passed over by de« 
scending bodies, ia the first second of time, is 16.087 ftfW 
—Ed. 
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To be a little more particular on this subject, lect. 
let us suppose that a body begins to move with ^ 
a celerity constantly and gradually increasing, in ' " 
such a manner as would carry it through a mile 
in a minute ; at the end of this space it will have 
acquired such a degree of celerity, as is sufficient 
to carry it two miles the next mmute, though it 
should then receive no new impulse from the 
cause by which its motion had been accelerated ; 
but if the same accelerating cause continues, it 
will carry the body a mile rarther ; on which ac- 
. count it will have run through four miles at the 
end of two minutes ; and then it will have ac- 
quired such a degree of celerity as is sufficient to 
carry it through a double space in as much more 
time, or eight miles in two minutes, even though 
the accelerating force should act upon it no 
more. But this force still continuing to operate 
in an uniform manner, will again, in an equal 
time, produce an equal effi^t ; and so, by carry- 
ing it a mile further, cause it to move through 
five miles the third minute ; for the celerity al- 
ready acquired, and the celerity still acquiring, 
will have each its complete effect. Hence we 
learn, that if the body should move one mile the 
first minute, it would move three miles the se- 
cond, five the third, seven the fourth, nine the ^ 
fifth, and so on in proportion. 

^d thus it appears, that the spaces described 
in successive equal parts of time, by an uniform- 
ly accelerated motion, are always as the odd 
numbers 1, 3, 5, 7, 9, &c. and consequently, the 
whole spaces are as the squares of the times, or 
of the last acquired velocities ; for, the continu- 
ed addition of the odd numbers yields the squares 
of all numbers from unity upward. Thus, 1 is 
the first odd number, and the square of 1 is 1 } 
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3 is the second odd number, and this added to 1 
makes 4, the square of 2 ; 5 is the third odd 
number, which added to 4 makes 9, the square 
of 3 ; and so on for even Since, therefore, the 
times and velocities proceed evenly and constant- 
ly, as 1, 2, 3, 4, &c. but the spaces described 
in each eqiud times are as 1 ^ 3, 5, 7, &c. it is 
evident that the space described 

In 1 minute will be 1 zzsquare of 1 

In 2 minutes - 1-f 3= 4=square of 3 
In 3 minutes - 1 -f 3+5= 9=square of 3 
In 4 minutes l-f-3+5+7=16=square of 4, &c 

N. B. Hie character -f signifies more^ and rd 
equal* 

As heavy bodies are uniformly accelerated 
by the power of gravity in their descent, it ij^ 
plain that they must be uniformly retarded by 
The dc- the same power in their ascent. Therefore, the 
•anding velocity which a body acquires by falling, is sufr 
will ^Yc a ficient to carry it up again to the same height 
power of from wheuce it fell : allovirance being made tat 
^^ ^ the resistance of the air, or other medium in 
ir;^ ^ which the body is moved. Thus, the body D 
in rolling down the inclined plane ji Bj will ac« 
quire such a velocity by the time it arrives at B^ 
as will carry it up the inclined plane B Cf al- 
most to C; and would carry it quite up to C, if 
the body and plane were perfectly smooth, and 
the air gave no resistance. So, if a pendulum 
were put into motion, in a space quite free of 
air, and all other resistance, and had no friction 
on the point of suspensions^ it would move for 
ever : for the velocity it had acquired in falling 
through the descending part of the arc, would 
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be still sufficient to carry it equally high in the lect. 
ascending part thereof. '* 

The centre of gravity is that point of a body ^^ 
in which the whole force of its gravity or weight of gravity, 
is imited. Therefore, whatever supports diat 
point, bears the weight of the whole body ; and 
while it is supported, the body cannot fall ; be- 
cause all its parts are in a perfect equilibrium 
', about that point. i 

An imaginary line drawn from the centre of 
gravity of any 4>ody toward the centre of the 
earth, is called the line of direction. In this line J"^^ *J?^*'^ 
all heavy bodies descend, if not obstructed. 

Since the whole weight of a body is united in 
its centre of gravity, as that centre ascends or 
descends, we must look upon the whole body to 
do so too. But as it is contrary to the nature 
of heavy bodies to ascend of their own accord, 
or not to descend when they are permitted, we 
may be sure, that unless the centre of gravity be 
supported, the whole body will tumble or fall. 
Hence it is, that bodies stand upon their bases 
when the line of direction falls within the base ; 
for in this case the body cannot be made to fall, 
without first raising the centre of gravity higher 
than it was before. Thus, the inclining body ^'g- 3-. 
ji BCD9 whose centre of gravity is Ej stands 
firmly on its base CDlKy because the line of 
direction EF falls within the base. But if a 
weight, as ABGH^ be laid upon the top of the 
body, the centre of gravity of the whole body 
and weight together is raised up to /; and then, 
as the line of direction ID falls without the base 



* For a mechanical method of finding the ceiUre of gra^ 
vftyt tee Appendix, toL ii.— Ed. 

Fol. 1. B 
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uicT. at Z), the centre of gravity /is not supported) 
'* and the whole body and weight tumble down 
' together. 

Hence appears the absurdity of people^s ris^ 
ing hastily in a coach or boat when it is likely 
to overset; for, by that means they raise the 
centre of gravity so far as to endanger throwing 
it quite out of the base ; and if they do^ they 
overset the vehicle effectuallj^ Whereas, had 
they clapt down to the bottom, they would have 
brought the line of direction, and consequently 
the centre of gravity, farther within the base, 
and by that means might have saved themselves. 

The broader the base is, and the hearer the 
line of direction is to the middle or centre of it^ 
the more firmly does the body stand. On tl^e 
contrary, the narrower the base, and the nearer 
the line of direction is to the side of it, the more 
easily may the body be overthrown, a less 
change of position being sufficient to remove the 
line of direction out of the base in the latter case 
than in the former. And hence it is, that a 
sphere is so easily rolled upon a horizontal plane; 
and that it is so difficult, if not impossible, to make 
things which are sharprpointed to stand upright 
on the point. — From what hath been said, it 
plainly appears, that if the plane be inclined on 
which the heavy body is placed, the body will 
slide down upon the plane while the line of di- 
rection falls within the base ; but it will tumble 
or roll down when that line falls without the 
F%- 4* base. Thus, the body A will only slide down 
the inclined plane C/>, while the body B rolls 
down upon it. 

When the line of direction falls within the 
base of our feet, we stand ; and most firmly when 
it is in the middle : but when it is out of that 
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base, we immediately fall. And it is not only lect. 
pleasing, but even surprising, to reflect upon the ^ 
various and unthought-of methods and postures 
which we use to retain this* position, or to re- 
cover it when it is lost. For this purpose we 
be^d our body forward when we nse from a 
chair, or when we go up stairs: and for this 
purpose a man leans forward when he carries a 
burthen on his back, and backward when he 
carries it on his breast ; and to the right or left 
side as he carries it on the opposite side. A 
thousand more instances might be added. 

The quantity of matter in all bodies is in ex- 
act proportion to their weights, bulk for bulk. 
Therefore, heavy bodies are as much more dense 
or compact than light bodies of the same bulk, 
as they exceed them in weight. 

All bodies are full of pores, or spaces void of au bodies 
matter : and in gold, which is the heaviest of all p®'®'*'* 
known bodies, there is perhaps a greater quantity 
of space than of matter. For me particles of 
heat and magnetism find an easy passage through 
the pores of gold; and even water itself has 
been forced through them. Besides, if we con- 
sider how easily the rays of light pass through 
so solid a body as glass, in all manner of direc- 
tions, we shall find reason to believe that bodies 
are much more porous than is generally ima- 
gined.' 



' The word forotu wheir employed to express a propeji^y 
of bodies, does not coDTey an accurate idea of their inter- 
nal structure. According to Bosovich's beautiful theory 
of natural philosophy, which is now adopted by our best 
philosophers, matter consists of physical points endued 
with certain powers of attraction and repulsion, varying 
both in kind and degree, with their respective distances. 
At a certain distance, ooe particle is attracted by another, 

B2 at 
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« 

LECT. All bodies are some way or other aflFected by 
'• ^heat; and all metallic bodies are expanded in 
TKeeipan-^^'^g^^j breadth, and thickness, thereby. — ^The 
•ion of proportion of the expansion of several metals, ac- 
"***'*• cording to the best experiments I have been able 
to make with my pyrometer, is nearly thus : — 
Iron and steel, as 3, copper 44-, brass 5, tin 6, 
lead 7- An iron rod 3 feet long is about a 70* 
part of an inch longer in summer than in win- 
ter^* 
The pyro- The pyrometer here mentioned being (as far 
meter. ^s I know) of a new construction, a descriptioa 

of it may perhaps be agreeable to the reader, 
f »»• 5- jiji is 2i flat piece of mahogany, in which are 

fixed four brass studs, Bj Cj Dj X, and two 
pins, one at F and the other at H. On the pin 
F turns the crooked index E /, and upon the 



at a different distance it is repelled, and there are certain 
positions, in which the particle is in a quiescent state, and 
affected neither by an attractive nor a repulsive force. By 
this means, a collection of these physical points may assume 
the various forms of solidity, fluidity, and elastic and non- 
elastic vapours, and may possess all those properties which 
regulate the phenomena pf collision, and die diversified 
effects of chemical agency. 

^ It appears from Berthoud's experiments with the pyro 
meter (IJHorhgerief torn* IJ,/. 113), that a rod of braM 3 
feet 2 inches and 5 lines long, 5 lines wide, and 3 thick, 
being placed in a stove where the thermometer rose from to 
27^, expanded yf^ of a line. A rod of copper of the same 
dimensions expanded, y§j, a rod of iron -^^y and a rod of 
steel tempered and blued ^|^. Dr. Wollaston found, that if 
tHe expansion of platina between the temperatures of freez- 
ing and boiling water be estimated at 9 parts in 1(^000^ 
while that of steel is known to be about 12, the expansion 
of palladium will be nearly 10. The result of experiments 
made with the pyrometers of Smeaton and Ramsden, may 
[ be seen in the Phil. Trans. i;68, p. 325 ; 1785, p. 4CU 

480.— Ed. 
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pin H the straight index G K^ against which a lect. 
piece of watch spring R bears gently, and so , [' 
presses it toward the beginning of the scale Af JV, 
over which the point of that index moves. This 
scale is divided into inches and tenth parts of an 
inch : the first inch is marked 1000, the second 
2000, and so on. A bar of metal is laid into 
notches in the top of the studs C and D ; one 
end of the bar bearing against the adjusting 
screw P, and the other end against the crooked 
index £ /, at a 20^^ part of its length from its 
centre of motion F. — Now it is plain, that how- 
ever much the bar lengthens, it will move that 
part of the index E /, against which it bears, just 
as far : but the crooked end of the same index, 
x^edx H^ being 20 times as far from the centre 
of motion F as the point is against which the bar 
bears, it will move 20 times as &r as the bar 
lengthens. And as this crooked end bears a- 
gainst the index G AT at only a 20^** part of the 
whole length G S from its centre of motion /f, 
the point S will move through twenty times the 
space that the point of bearing near H does. 
Hence, as 20 multiplied by 20 produces 400, it 
is evident, that if the \^ lengthens but a 4O0'** 
part of an inch, the point S will move a whole 
inch on the scale ; and as every inch is divided 
into 10 equal parts, if the bar lengthens but the 
10'** part of the 400*** part of an inch, which is 
only the 4000^*" part of an inch, the point S will 
move the 10^ part of an inch, which is very per- 
ceptible. 

To find how much a bar lengthens by heat, 
first lay it cold into the notches of the studs, and 
turn the adjusting screw P until the spring R 
brings the point S of the index G K to the be- 
ginnmg of the divisions of the scale at M: then, 

B S 
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LECT. without altering the screw any hirthery take oC 
'* the bar, and rub it with a dry woollen cloth tiU 
it feels warm ; and then, laying it on where it 
was, observe how far it pushes the point S upoa 
the scale by means of the crooked index E I; 
and the point S will shew exactly how much the 
bar has lengthened by the heat of rubbing. As 
the bar cools, the spring R bearing against the 
index K G, will cause its point S to move gra- 
dually back toward M in the scale : and when 
the bar is quite cold the index will rest at Af, 
where it was before the bar was made warm hf 
rubbing. The indexes have small rollers under 
them at / and AT, which, by turning round on 
the smooth wood as the indexes move, make 
their motions the easier, by taking oflF a great 
part of the friction, which would othe«3vise be 
on the pins F and H, and of the points of the 
indexes themselves on the wood. ^ 



* It is wonderful how Mr. Ferguson, and other writeiv 
on natural philosophy, should have overlooked the striking 
defect in the prindple upon which this new pyrometer it 
constructed. If we suppose, as in the text, that the dis- 
tance of the point n, (where the bar bears against the 
crooked lever), from the centie of motion /*, is a 20^ part 
of the length of the lever, before the bar begins to ex- 
pand ; it is evident that the quantity n F will increase u 
soon as the expansion begins, and that its length, when tlie 
expansion ends, will be in proportion to the increase of the 
bar by heat. But as n F is nearly a 20^^ part of the 
length of the crooked lever, the increase of ffntf which is 
at first a 20^ part of IfS, will be 20 times greater than 
the increase ofFn. As the arms of the two levers therefore 
are continually changrine their proportion, every pyrometer, 
constructed upon the principle of the lever, must give a very 
inaccurate result, the error being always in excess. Brisson, 
in his Traite Elemenkure de Physique^ Parisf tin. 2,/. 213, has 
given a descnption of a pyrometer upon the same principle i 
but as the number of levers is increased, the inaccuracy is 

3 mucli 
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Beside the universal properties above men- lect. 
tionedy there are bodies which have properties ^ 
peculiar to themselves; such as the loadstone, MaM^. 
in which the most remarkable are these : — I , It »•«• 
attracts iron and steel only* ^ 2, It constantly 
turns one of its sides to the north and another 
to the south, when suspended by a thread that 
does not twist. S, It communicates all its pro- 
perties to a piece of steel when rubbed upon it, 
without losing any itself. ^ 

According to JDr. Helsham^s experiments, the 
attraction of the loadstone decreases as the square 
of the distance increases* Thus, if a loadstone 
be suspended at one end of a balance, and couu'^ 
terpoised by wdghts at the other end, and a flat 
piece of iron be placed beneath it, at the distance 



much greater. For an account of Mushenbroeck's pyrome- 
ter, which seems to have been the first that was ever con* 
structed, see Desagulier's Exper. Philcs. vol. 1, p. 421. For 
an account of EUicot^s, see Phil. Trans. No. 443. An ac- 
count of Smeaton's may he seen in the Phil. Trans, y. 48 1 
of De Luc's in vol. 66 ; and of Ramsden's in vol. 75. Of 
all these Mr. Ramsden's is by far the most accurate. The 
bar is placed in a trough of water, which is heated by 
twelve spirit lamps; and the expansion is measured by a 
microscope, furnished with a micrometer. — Ed. 

^ It appears firom the experiments of Mr. Cavallo^ that 
hammered copper is magnetic ; and M. Coulomb, of the 
National Institute, is said to have discovered, that all bodies 
whatever are more or less endued with this property. — Ed. 

^ To these the following properties may be added. The 
power of the loadstone is increased by communicating its 
properties to a piece of steel. Its power is totally destroy* 
cd by 700 degrees of heat, and two fifths of it by 200^. Its 
north pole siways points to a place in the earth called the 
north magnetic pole, situated in 79"^ 1' 4" of north latitude, 
and in l^gitude 27^ 43' 5" west of Greenwich. The 
•outhem magnetic pole is situated in the same latitude 
south, and in 152'' ^ 65" of east longitude.— ^£d. 
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LECT. of four tenths of an inch, the stone vnSX imme<« 
'* diately descend and adhere to the iron. But if 
" the stone be again removed to the same distance^ 
and as many grains be put into the scale at the 
other end as will exactly counterbalance the at- 
traction, then, if the iron be brought twice as 
near the stone as before, that is, only two tenth 
parts of an inch from it, there must be four 
times as many grains put into the scale as be- 
fore, in order to be a just counterbalance to the 
attractive force, or to hinder the stone from de- 
scending and adhering to the iron. So, if four 
grains will do in the former case, there must be 
sixteen in the latter. But from some later ex- 
periments, made with the greatest accuracy, it 
is found that the force of magnetism decreases 
in a ratio between the reciprocal of the square> 
and the reciprocal of the cube of the distance i 
approaching to the one or the other, as the mag* 
nitudes of the attracting bodies are varied, g 

Electricity. Several bodies, particularly amber, glass, jet, 
sealing-wax, agate, and almost all precious stones, 
have a peculiar property of attracting and re- 
pelling light bodies when heated by rubbing. 
This is called electrical attraction^ in which the 
chief things to be observed are, — 1, If a glass 
tube about an inch and a half diameter, and two 
or three feet long, be heated by rubbing, it will 
alternately attract and repel all light bodies when 



' The most accurate experiments upon the law of action 
in magrnetical bodies, are those of M. Lambert, in the Me- 
moirs of the academy of Berlin for 1756. The author con- 
cludes with this hypothesis : * that the force of each trans- 
* verse element, of a magnet is as its distance from the 
^ centrct and its action on a particle of another magnet, it 
' inversely as the square of the distance.'— £b. 
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held near them ; 2, It does not attract by being 
heated vathout rubbing ; 3, Any light body, be- 
ing once repelled by the tube, will never be at- 
tracted again till it nas touched some other body; 
4, If the tube be rubbed by a moist hand, or 
any thing that is wet, it totally destroys the elec- 
tricity ; 5, Any body, except air, being inter- 
piosed, stops the electricity ; 6^ The tube attracts 
stronger when rubbed over with bees-wax, and 
then with a dry woollen cloth ; 7, When it is 
well rubbed, if a finger be brought near it, at 
about the distance of half an inch, the effluvia 
will snap against the finger, and make a little 
crackling noise ; and if this be performed in a 
dark place, there will appear a little flash of 
light ^ 



' Sec Ferguson's Introduction to Electricity. — Ed. 




LECTURE U. 



OF CENTRAL FORCES. 



LEcr. We have already mentioned it as a necessary 
^^ consequence arising from the deadness or inac« 
AU bodies tf vity of matter, that all bodies endeavour to con- 
cquaUy in- tinue in the state they are in, whether of rest or 
^^^y° motion. If the body ^ were placed in any part 
rcit. . of free space, and nothing either drew or impel- 
Plat« II. jgj j^ jy^y vfzjy it would for ever remain in that 

part of space, because it could have no tendency 
of itself to remove any way from thence. If it 
receives a single impulse any way, as suppose 
from ^ toward i?, it will go on in that direction j 
JFor, of itself, it could never swerve from a right 
line, nor stop its course. When it has gone 
through the space j4B, and met with no resist- 
ance, its velocity will be the same at j5 as it was 
at ^ ; and this velocity, in as much more time^ 
will carry it through as much more space, from 
B to C; and so on for ever. Therefore, when 
we see a body in motion, we conclude that some 
other substance must have given it that motion ; 
and when we see a body fall from motion to 
rest, we conclude that some other body or cause 
must have stopt it. 
^^^^ As all motion is naturally rectilineal, it ap- 
rcctiiinwa. pears, that a bullet projected by the hand, or 
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shot from a cannon, would for ever continue to lect. 
move in the same direction it received at first, "' 
if no other power diverted its course. There- 
fore when we see a body move. in a curve of any 
kind whatever, we conclude it must be acted up- 
on by two powers at least ; one putting it in 
motion, and another drawing it ofi' from the rec- 
tilineal course it would otherwise have continued 
to move in : and whenever that power, which 
bent the motion of the body from a straight line 
into a curve, ceases to act, the body will again « 
move on in a straight line touching that point of 
the curve in which it was when the action of 
that power ceased. For example, a pebble* mov- 
ed round in a sling ever so long a time, will fly 
off the moment it is set at liberty, by slipping 
one end of the sling cord, and will go on in a 
line touching the circle ' it described before ; 
which line would actually be a straight one, if 
the earth's attraction did not affect the pebble, 
and bring it down to the ground. This shews, 
that, the natural tendency of the pebble, when 
put into motion, is to continue moving in a 
straight line, although by the force that moves 
the sling it be made to revolve in a circle. 

The change of motion produced is in propor- 1 he rfr 
tion to the force impressed ; for the effects of °^ £°"^5^ 
natural causes are always proportionate to the 
force or power of those causes. 

By these laws it is easy to prove, that a body 
will describe the diagonal of a square or paralle- 
logram, by two forces conjoined, in the same 
time that it would describe either of the sides, 
by one force singly. Thus suppose the body A^'ig*^- 
to represent a ship at sea ; and that it is driven 
by the wind, in the right line AB^ with such 
a force as would carry it uniformly from Axo B 
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JLECT. in a minute : then suppose a stream or current 

'I; ^ of water running in the direction AD^ with such 

a force as would carry the ship through an equal 
space from -irf to Z> in a minute. By these two 
forces, acting together at right angles to each 
other, the ship will describe the line AE C in a 
minute : which line (because the forces are equal 
and perpendicular to each other) will be the 
diagonal of an exact square; To confirm this 
law by an experiment, let there be a wooden 
Fig. 5» square A B CD so contrived, as to have the 
part B E FC made to draw out or push into the 
square at pleasure. To this part let the pulley 
H be' joined, so as to turn freely on an axis, 
which will be at H when the piece is pushed in, 
and at h when it is drawn out. To this part let 
the ends of a straight wire h be fixed, so as to 
move along with it under the pulley ; and let the 
ball G be made to slide easily on the wire. A 
thread m is fixed to this ball, and goes over the 
pulley to /; by this thread the ball may be 
drawn up on the wire, parallel to the side AD^ 
when the part BEFC is pushed as for as it will 
go into the square. But, if this part be drawn 
out, it will carry the ball along with it, parallel 
to the bottom of the square DC. By this 
means, the ball G may either be drawn perpen- 
dicularly upward by pulling the thread w, or 
moved horizontally along by pulling out the part 
BEFC, in equal times, and through equal 
spaces ; each power acting equally and separate- 
ly upon it. But if, when the ball is at G, the 
upper end of the thread be tied to the pin /, in 
the comer A of the fixed square, and the move- 
able part BEFC be drawn out, the ball will 
then be acted upon by both the powers toge- 
ther ; for it will be drawn up by the thread to- 
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trard the top of the square, and at the same time lect. 
be carried with its wire h toward the right hand "• 
B Cy moving all the while in the diagonal line 
L ; and will be found at g when tne sliding 
part is drawn out as far as it was before ; which 
then will have caused the thread to draw up the 
ball to the top of the inside of the square, just as 
high as it was before, when drawn up singly by 
the thread without moving the sliding part. 

If the acting forces are equal, but at oblique 
angles to each other, so will the sides of the 
parallelogram be ; and the diagonal run through 
by the moving body will be longer or shorter, 
according as the obliquity is greater or smaller. 
Thus, if two equal forces act conjunctly upon 
the body y/, one having a tendency to move it pjg, ^ 
through the space ^B in the same time that 
the other has a tendency to move it through an 
equal space jiD ; it will describe the diagonal 
AG Cm the same time that either of the single 
forces would have caused it to describe either 
of the sides. If one of the forces be greater than 
the other, then one side of the parallelogram will 
be so much longer than the other. For, if one 
force singly would carry the body through the 
space AEj in the same time that the other 
would have carried it through the space ADy 
the joint action of* both will carry it in the same 
time through the space AH Fy which is the 
diagonal of the oblique parallelogram AD EF. 
If both forces act upon the body in such a 
manner, as to move it uniformly, the diagonal 
described will be a straight line ; but if one of 
the forces acts in such a manner as to make the 
body move faster and faster, then the line de- 
scribed will be a curve. And this is the case of 
all bodies which are projected in rectilineal direc* 
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tions, and at the same time acted upon by the 
power of gravity ; which has a constant tendency 
to accelerate their motions in the direction where- 
in it acts. 
The laws From the uniform projectile motion of bodies 
of the in straight lines, and the universal power of gra- 
awtiMT vity or attraction, arises the curvilineal motion 
of all the heavenly bodies. If the body ^ be 
K«-5. projected along the straight line AFH in open 
space, where it meets with no resistance, and is 
not drawn aside by any power, it will go on for 
ever with the same velocity, and in the same 
direction. But if, at the same moment, when the 
projectile force is given it at A^ the body S begins 
to attract it with a force duly adjusted,' and per* 
pendicular to its motion at A^ it will then be 
drawn from the straight line A FH^ and forced 
to revolve about S in the circle A T W; in the 
same manner, and by the same law, that a peb* 
ble is moved round in a sling. And if, when 
the body is in any part of its orbit (as suppose at 
K) a smaller body as Z, within the sphere of 
attraction of the body AT, be projected in the 
right line L iVf, with a force duly adjusted, and 
perpendicular to the line of attraction LK; then, 
the small body L will revolve about the large 
body K in the orbit iNTO, and accompany it in 
its whole course round the yet larger body S. 
But then, the body K will no longer move in 
the circle ATW; for that circle will now be de- 
scribed by the common centre of gravity between 



' To make the projectile force a just balance to the gra- 
vitating power. 8o as to keep the planet moving in a cir- 
cle, it must give such a velocity as the planet would acf> 
quire by gravity, when it had fallen through half the seipi" 
diameter of that circle. 
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K and L^ Nay, even the great body S will not lect. 
keep in the centre ; for it will be the common "• 
centre of cavity between all the three bodies ' 
Sy Kj and Lj that will remain immoveable there. 
So, if we suppose S and K connected by a wire 
P that has no weight, and K and L connected 
by a wire q that has no. weight, the common 
centre of gravity of all these three bodies will be 
a point in the wire P near S ; which point being 
supported, the bodies will be all in equilibrio as 
they move round it. Though indeed, strictly 
spiking, the common centre of gyavity of aU 
the three bodies will not be in the wire P but 
when these bodies are all in a right line. Here 
S may represent the sun, K the earth, and L 
the moon. 

In order to form an idea of the curves de- 
scribed by two bodies revolving about their com- 
mon centre of gravity, while they themselves 
with a third body are in motion round the com- 
mon centre of gravity of all the three; let usplatbHi. 
first suppose E to be the sun, and e the earth 
going round him without any moon ; and their 
moving forces regulated as above. In this case, 
while the earth goes round the sun in the dotted 
circle RTU F fVXj &c. the sun will go round The curves 
the circle ABD^ whose centre C is the com- ^^^^ 
mon centre of gravity between the sun and Jvoiving 
earth : the right Ime /5 \ representing the mutual *'****' ^^ 
attraction between them, by which they are as cc«re^ 
firmly connected as if they were fixed at the two g»v»ty. 
ends of an iron bar strong enough to hold them, 
^o, when the earth is at e, the sun will be at 
^ ; when the earth is at T, the sun will be at 
F; and when the earth is at gy the sun will be 
^ G, &c. 
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Now, let us take in the moon q^ (at the top 
of the figure), and suppose the earth to have"^ no 
progressive motion about the sun; in which 
case, while the moon revolves about the earth 
in her orbit 2 ^ C S>, the earth will revolve in 
the circle «$ 1 3, whose centre R is the common 
centre of gravity of the earth and moon ; they 
being connected by the mutual attraction betwe^ 
them in the same manner as the earth and sun 
are. 

But the truth is, that while the moon revolves 
about the earth, the earth is in motion about 
the sun ; and now, the moon will cause the 
earth to describe an irregular curve, and not a 
true circle, round the sun ; it being the com- 
mon centre of gravity of the earth and moon 
that will then describe the same circle which the 
earth would have moved in, if it had not been 
attended by a moon. For, supposing the moon 
to describe a quarter of her progressive orbit 
about the earth in the time that the earth moves 
from e to yi it is plain, that when the earth 
comes to yi the moon will be found at r; in 
which time, their common centre of gravity will 
have described the dotted arc ^ 1 T, the earth 
the curve R Sf and the moon the curve ^ 1 4 r. 
In the time that the moon describes another 
quarter of her orbit, the centre of gravity of 
the earth and moon will describe the dotted arc 
T2 tT, the earth the curve/6g, the moon the 
curve r 1 5 ^, and so on : and thus, while the 
moon goes once round the earth in her progres- 
sive orbit, their common centre of gravity de- 
scribes the regular portion of a circle Kl T2 U 
3 VA} W^ the earth the irregular curve R 5f% 
gT hsij and the moon the yet more irregular 
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curve ql4rlSsl6tnu; and then the same lect, 
kind or tracks over again. ^ ^'_ 

Hie centre of gravity of the earth and moon 
IS 6000 miles from the earth's centre toward the 
moon : therefore the circle S 13 which the earth 
describes round that centre of gravity (in every 
course of the moon roimd her orbit) is 1 2,000 
miles in diameter, Ck>nsequently the earth is 
ISyOOO miles nearer the sun at the time of full 
moon, than at the time of new. [See the earth 
at/and at A.] 

To avcHd confii^on in so small a figure, we 
have supposed the moon to go only twice and a 
half round the earth, in the time that the earth 
goes once round the sim ; it being impossible to 
take in all the revolutions which she makes in 
a year, and to give a true figure of her path, 
unless we should make the semidiameter of the 
earth's orbit at least 95 inches; and then, the 
proportional semidiameter of the moon's orbit 
would be only a quarter of an inch. — ^For a true 
figure of the moon's path, I refer the reader to 
my treatise of astronomy. 

If the moon made any complete number of 
revolutions about the earth, in the time that the 
earth makes one revolution about the sun, the 
paths of the sun and moon would return intg 
themselves at the end of every year ; and so be 
the same over again ; but they return not into 
themselves in less tham 19 years nearly; in which 
time, the earth makes nearly 19 revolutions 
about the suji, and the moon 235 about the 
earth. 

If the planet ^ be attracted toward the sun, Plate it. 
with such a force as would make it £dl from A^'^s- ^• 
to By in the time that the projectile impulse 
would have carried it from ^ to jF, it will d^ 

roi. I C 

\ 
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LECT. scribe the arc ^^ G by the combined action of 

, " • these forces, in the same time that the former 

A doabk would have caused it to fall from j4 to jB, or the 

wojcctiic latter have carried it from ji to F. But if the 

u^t^ projectile force had been twice as great, diat is, 

qwidrupie such as wGfuld have carried the planet from A to 

J^J[^^^ Hj in the same time that now, by the supposi* 

tion, it carries it only from Ato F; the sun s at* 

traction must then have been four times as strong 

as formerly, to have kept the planet in the circle 

ATfV; that is, it must have been such as 

would have caused the planet to fall from A to 

j£, which is four times the distance of A from jB, 

in the time that the projectile force smgly would 

have carried it from A to H^ which is onlr 

twice the distance of A from FJ^ Thus, a double 

projectile force will balance a quadruple power 

of gravity in the same circle, as appears plain by 

the figure, and shall soon be confirmed by an 

experiment. 

Plate IV. The whirling-table is a machine contrived fat 

P«^''' shewing experiments of this nature.' ^^ is a 

strong frame of wood, B a winch or handle 

The whirl- fixed ou the axis C of the wheel D, round which 

!ktaibcd '^ ^^^ catgut String F, which also goes round the 

small wheels G and JtT, crossing between them 

and the great wheel D. On the upper end of 

the axis of the wheel G, above the frame, is fixed 

the round board dj to which the bearer MSX 

may be fastened occasionally, and removed when 

* Here the arcs AG^ AU must be suj^posed to be venr 
•mall ; otherwise AE, which is equal to H U will be more 
thaa quadruple to AB^ which is equal to FG» 

' This machine was invented and constructed bv Mr. X 
B. Haas. It is frequently varied both in shape aiid tisfl^ 
according to the peculiar taste of the instrument mikor^^^ 
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h IS not wanted. On the axis of the wheel H is lect, 
fixed the bearer NTZ ; and it is easy to see that ' ^ 
when the winch jB is turned, the wheels and 
bearers are put into a whirling motion. 

Each bearer has two wires, /f^ JT, and Y^ Z, 
fixed and screwed tight into them at the ends by 
nuts on the outside : and when these nuts are 
unscrewed, the wires may be drawn out in or- 
der to change the balls (/and Fj which slide 
upon the wires by means of brass loops fixed in- 
to the balls, which keep the balls up from touch- 
ing the wood below them. A strong silk line 
goes through each ball, and is fixed to it at any 
length from the centre of the bearer to its end, 
as occasion requires, by a nut screw at the top 
of the ball ; the shank of the screw goes into the 
centre of the ball, and presses the line against 
the under side of the hole that it goes through. 
— ^The line goes through the ball, and under a 
small pulley fixt in the middle of the bearer ; 
then up through a socket in the round plate (see 
S and TJ in the middle of each bearer ; then 
through a slit in the middle of the square top (0 
and PJ of each tower, and going over a small 
pulley on the top, comes down again the same 
way, and is at last fastened to the upper end of 
the socket fixt in the middle of the above-men- 
tioned round plate. These plates S and T have 
each four round holes near their edges for let- 
ting them slide up and down upon the wires 
which make the comers of each tower. The 
balls and plates being thus connected, each by 
its particular line, it is plain, that if the balls 
be drawn outward, or toward the ends M and 
N of their respective bearers, the round plates 
^ and T will be drawn up to the top of their re* 
spective towers and P. 

C2 



J* 
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LECT. There are several brass weights, some of two 

"j ^ounces, some of three, and some of four, to he 

occasionally put within the towers and P, up* 
on the round plates S and T ; each weight hav* 
ing a round hole in the middle of it, for going 
upon the sockets or axes of the plates, and 14 
slit from the edge to the hole, for allowing it to 
be sllpt over the aforesaid line which comes 
from each ball to its respective place/ (See 
Fig.2.) . . ^ 

The experiments to be made by this machine 
are as follows. 
Tig. X. 1* Take away the bearer MXj and take the 

ivory ball a, to which the line or silk cord b is 
fastened at one end ; and having made a loop mt 
the other end of the cord, put the loop over a 
pin fixt in the centre of the board d. Then, 
The pro- turning the winch B to give the board a whirU 
mTttcTto^ ing motion, you will see that the ball does not 
kcq> the immediately begin to move with the board, but, 
•titc it is Qjj account of its inactivity, it endeavours to con- 
tinue in the state of rest which it was in before^ 
— Continue turning, until the board commu-i 
nicates an equal degree of motion with its own 
to the ball, and then turning on, you will per* 

^ A cunous machine has been invented by Mr. Atwoodf 
which exhibits the phenomena of accelerated and retarded 
motion* in a very simple and satis&ctory manner. By meaat 
of it, the quantity of matter moTed» the moving force» the 
space descnbedy the time of description, and the velocity 
acquired, can be easily and accurately ascertained. It may 
be used also for estimating the velocities communicated by 
the percussion of elastic and non-elastic bodies* for deter- 
mining the quantity of resistance occasioned by fluids^ and 
for practically verirjring the properties of rotatory motion. 
This useful machine is described in Atvwi^s Treatue §m 
RectWtneal and Rotatory Motiottf and in Cavallo^s Nftturd 
P)iilo8ophy, vol. i, p. 284. — Ed. 



in. 
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ceive that the ball will remain upon one part of lecjt. 
the board, keeping the same velocity with it, and , " * 
having no relative motion upon it, as is the case 
with every thing that lies loose upon the plain 
surface of the earth, which, having the motion 
of the earth communicated to it, never endea^ 
vours to remove from that place. But stop the 
board suddenly by hand, and the ball will go on, 
and continue to revolve upon the board, until 
the friction thereof stops its motion ; which 
shews, that matter being once put into motion 
would continue to move for ever, if it met with 
no resistance. In like manner, if a person stands 
upright in a boat before it begins to move, he 
can stand firm ; but the moment the boat sets 
o£F, he is in danger of 'falling toward that place 
which the boat departs from ; because, as mat*- 
ter, he has no natural propensirjr to move. But 
when he acquires the motion ot the boat, let it 
be ever so swift, if it be smooth and uniform, 
he will stand as upright and firm as if he was on 
the plain shore ; and if the boat strikes against 
any obstacle, he will fall toward that obstacle, 
on accoimt of the propensity he has, as matter, 
to keep the motion which the boat has put him 
into. 

2. Take away this \)all, and put a longer cord 
to it, which may be put down through the hol- 
low axis of the bearer ATJT, and wheel G, and 
fix a weight to the end of the cord bdew^he 
machine; whith weight, if left at liberty, will 
draw the ball from the edge of the whirling- 
board to its centre. 

Draw off the ball a little from the centre, and ^^^ j^^ 
turn the winch ; then the ball will go round and orbits have 
round with the board, and will gradually fly off* «n^«>7 
farther and fiirther fr^m the cen^e, and bise uprr fhU" 

C 3 ^^^'^ 



4 
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i^CT. the weight below the machine; which shews, 
^^^^^ that all bodies revolving in circles have a tenden- 
cy to fly ofi* from these circles, and must have 
some power acting upon them from the centre 
of motion, to keep them from flying oflf. Stop 
the machine, and the ball will continue to re- 
volve for some time upon the board ; but as the 
friction gradually stops its motion, the weight 
acting upon it will bring it nearer and nearer to 
the centre in every revolution, until it brings it 
quite thither. This shews, that if the planets 
met with any resistance in going round the 8un» 
its attractive power would bring them nearer 
and nearer to it in every revolution, until they 
fell upon it. 
2|J|^^ 3. Take hold of the cord below the machine 
in smaU or. with oue hand, and with the other throw the 
bu^an in bjji upou the rouud board as it were at right 
^^ ^*^ angles to the cord, by which means it will go 
round and round upon the board. Then ob- 
serving with what velocity it moves, pull the 
cord below the machine, which will bring the 
ball nearer to the centre of the board, and you 
will see that the nearer the ball is drawn to the 
centre, the faster it will revolve ; as those plan- 
ets which are nearest the sun revolve faster than 
those which are more remote ; and not only go 
round sooner, because they describe smaller cir- 
cles, but even move faster in every part of their 
respective circles. 
Their cen^ 4. Take away this ball, and apply the bearer 
^^ MX^ whose centre of motion is in its middle at 
Aewn. w^ directly over the centre of the whirling-board 
rf. Then put two balls (J^ and U) of equal 
weights upon their bearing wires, and having 
fixed them at equal distances from their respec- 
tive centres of motion w and x upon their « silk 
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cords, by the screw nuts, put equal weights in 
the towers and P. Lastly, put the catgut 
strings E and F upon the grooves G and H of 
the small wheels, which being of equal diame- 
ters, will give equal velocities to the bearers 
above, when the winch B is turned; and the 
balls (7 and /^will fly off toward 71/ and iV, and 
will raise the weights in the towers at the same 
instants This shews, that when bodies of equal 
quantities of matter revolve in equal circles 
with equal velocities, their centrifugal forces are 
equal- 
s' Take away these equal balls, and instead 
of them put a ball of six ounces into the bearer 
MX^ at a sixth part of the distance w z from 
the centre, and put a ball of one ounce into the 
opposite bearer, at the whole distance .ry, which 
is equal to u; z from the centre of the bearer ; 
and fix the balls at these distances on their cords, 
by the screw nuts at top ; and then the ball (7, 
which is six times as heavy as the ball /^ will 
be at only a sixth part ox the distance from its 
centre of motion ; and consequently will revolve 
in a circle of only a sixth part of the circum- 
ference of the circle in which ^revolves. Now, 
let any equal weights be put into the towers, and 
the machine be turned by the winch ; which, (as 
the catgut string is on equal wheels below,) will 
cause the balls to revolve in equal times ; but K 
will move six times as fast as £7, because it re- 
volves in a circle of six times its radius ; and 
both the weights in the towers will rise at once« 
This shews, that the centrifugal forces of revolv-^ 
ing bodies, (or their tendencies to fly off from 
the circles they describe), are in direct propor*- 
tion to their quantities of matter multiplied into 
Uieir respective velocities, or into their distances 
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LECT. finom the centres of their respective][circles. For, 
^ '^ ^ supposing Uj which weighs six ounces^ to be 
two inches from its centre of motion Wy the 
weight multiplied by the distance is 12; and 
supposing /^ which weighs only otie ounce, to 
be 1 2 inches distant from the centre of motion 
Xj the weight 1 ounce, multiplied by the dis* 
tance 12 inches is 12. And as they revolve in 
equal times, their velocities are as their distances 
from the centre, namely, as 1 to 6. 

If these two balls be fixed at equal distances 

from their respective centres of motion, they 

will move with equal velocities ; and if the tower 

O has six times as much weight put into it as the 

tower P has, the balls will raise their wei^its 

exactly at the same moment. This shews, that 

the ball U being six times as heavy as the ball ^ 

has six times as much centrifugal force, in de» 

scribing an equal circle with an equal velocity. 

A double 6. If bodies of equal weights revolve in equal 

Si*»mc*" ^^^^^ ^^^ unequal velocities, their centrifugal 

drck, is a forces are as the squares of the velocities. To 

^*iuSni* k P^^^^ ^^^ ^^ ^y ^^ experiment, let two balls, 
power of U and /^ of equal weights, be fixed on their 
graYity. cords at equal distances from their respective 
centres of motion to and x ; and .then let the cat^* 
gut string E be put roimd the wheel K^ (whose 
circumference is only one half of the circum- 
ference of the wheel Jff or G), and over the pul- 
ley s to keq> it tight; and let four times as much 
weight be put into the tower P, as in the tower 
0. Then turn the winch B, and the baH F 
will revolve twice as fiist as the bait {/in a cirde 
of the same diameter, because they are equidis- 
tant from the centres of the circles in which they 
revolve ; and the weight in die towers will botn 
rise at the same instant, which diews that i^ 
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double velocity in the same circle will exactly lect. 
balance a quadruple power of attraction in the . " ^ 
centre of the circle. For the weights in the 
towers may be considered as the attractive forces 
in the centres, acting upon the revolving balls j 
which moving in equal circles, is the same thing 
as if they both moved in one and the same circle. 
7. If bodies of equal weights revolve in un- Kcpicr*» 

3ual circles, in such a manner that the squares p"**«^- 
the times of their going round are as the cubes 
of their distances from the centres of the circles 
they describe, their centrifugal forces are in- 
versely as the squares of their distances from 
those centres. For, the catgut string remaining 
as in the last experiment, let the distance of the 
ball ^from the centre x be made equal to two 
of the cross divisions on its bearer ; and the dis- 
tance of the ball U from the centre w be three 
and a sixth part ; the balls themselves being of 
equal weights, and F" making two revolutions by 
turning die winch, in the time that £/ makes 
©ne : so that if we suppose the ball /^to revolve 
in one second, the ball U will revolve in two 
seconds, the squares of which are one and four ; 
for the square of 1 is only 1 , and the square of 
2 is 4 ; therefore the square of the period or re- 
volution of the ball Vi^ contained four times in 
the square of the period of the ball U. But the 
distance of V]& 2, the cube of which is 8, and 
the distance of 17 is S^, the cube of which is 32 
very nearly, in which 8 is contained four times ; 
and therefore, the squares of the periods of V 
and U are to one another as the cubes of thehr 
distances from x and Wy which are the centres 
of their respective circles. And if the weight in 
the tower O be four ounces, equal to the square 
of 2, the distance of Fboax the centre x ; and 
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LECT. the weight in the tower P be ten ounces, nearly 
^^ equal to the square of 3^, the distance of U from 
' w ; it will be found upon turning the machine 
by the winch, that the balls U and V will raise 
their respective weights at the same instant of 
time; which confirms that famous observation 
of Kepler, viz. that the squares of the times in 
which the planets go round the sun are in the 
same proportion as the cubes of their distances 
from him ; and that the sun's attraction is in- 
versely as the square of the distance from his 
centre : that is, at twice the distance, his attrac- 
tion is four times less ; at thrice die distance, 
nine times less ; at four times the distance, six- 
teen times less ; and so on to the remotest part 
of the system.' 



' The whole doctrine of ceDtrifugal forces miy be sum- 
med up in the following eight propositions, some of which 
are mentioned in the text. 

1 . The centrifugal forces of two unequal bodies, moving 
with the same velocity, and at the same distance from the 
central body, are to one another as the respective quanti- 
ties of matter in the two bodies. 

2. The centrifugal forces of two equal bodies which 
perform their revolution round the central body in the 
same time, but at different distances from it, are to one 
another as their respective distances from the central body. 

3. The centrifugal forces of two bodies which perfonn 
their revolution in the same time, and whose quantities of 
matter are inversely as their distances from the centre, are 
equal to one another. 

4. The centrifugal forces of two equal bodies, moring 
at equal distances from the central body, but with dif- 
ferent velocities, are to one another as the squares of their 
velocities. 

5. The centrifugal forces of two inequal bodies, moving 
at equal distances from the centre, with different velocities, 
are to one another in the compound ratio of their quantities 
of matter, and the squares of their velocities* 

& The 
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8. Take oflFthe catgut string E from the great lbct* 
wheel D and the small wheel //, and let the "• 
string F remain upon the wheels D and G. Take ' 
away also the bearer M JC from the whirling- 
board d^ and instead thereof put the machine 
^ B upon it, fixing this machine to the centre of Fig. 3. 
the board, by the pins c and d^ in such a man- 
ner, that the end ej may rise above the board 
to an angle 6i 30 or 40 degrees. In the upper Tht mb- 
side of this machine are two glass tubes a and i, J?*^*^®^ 
close stopt at both ends ; and each tube is about uu vor- 
three quarters full of water. In the tube a is a***^ 
little quicksilver, which naturally falls down to 
the end a in the water, because it is heavier than 
its bulk of water ; and in the tube 6 is a small 
cork which floats on the top of the water at e^ 
because it is lighter ; and it is small enough to 
have liberty to rise or fall in the tube. While 
the board b with this machine upon it continues 
at rest, the quicksilver lies at the bottom of the 
tube a, and the cork floats on the water near the 
top of the tube b. But, upon turning the winch, 
and putting the machine in motion, the contents 
of each tube will fly off" toward the uppermost 
ends, (which are £mhest from the centre of mo- 



6. The centrifugal forces of two equal bodies^ moving 
with equal velocities at different distances firom the centre, 
are inversely as their distances from the centre. 

7* The centrifugal forces of two unequal bodies, moving 
with equal velocities at different distances from the centre, 
are to one another as their quantities of matter multiplied 
by their respective distances from the centre. 

8. The centrifugal forces of two inequal bodies, moving 
with inequal velocities at different distances from the cen- 
tral body, are in the compound ratio of their quantities of 
matter, the squares of their velocities^ and their distances 
from the centre.—- £d» 
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LECT. tion), the heaviest with the greatest force. Thcre- 
'^ fore the quicksilver in the tube a will fly off quite 
' to the endyj and occupy its bulk of space there, 
excluding the water from that place, because it 
is lighter tteui quicksilver ; but the water in the 
tube b flying off to its higher end e^ will exclude 
the cork from that place, and cause the cork to 
descend toward the lowermost end of the tube, 
where it will remain upon the lowest end of the 
water near /; ; for the heavier body having the 
greater centrifugal force, will therefore possess 
the uppermost part of the tube ; and the lighter 
body will keep between the heavier and the low* 
ermost part. . 

This demonstrates the absurdity of the Carte- 
sian doctrine of the planets moving round the 
sun in vortexes : for, if the planet be more dense 
or heavy than its bulk of the vortex, it will fly 
off therein, farther and fiirther from the sun ; 
if less dense, it will come down to the lowest 
part of the vortex at the sun ; and the whole 
vortex itself must be surrounded with something 
like a great wall, otherwise it would fly quite 
off, planets and all together. But while gravity 
e^sts, there is no occasion for such vortexes ; 
and when it ceases to exist, a stone thrown up- 
ward will never return to the earth again. 
If one body 9, If ^ body be so placed on the whirling- 
roM^an- board of the machine (Fig. 1), that the centre of 
•thcr, both gravity of the body be du*ectly over die centre 
muic^ove ^f ^^e board, and the board be put into ever so 
round their rapid a motion by the winch J?, the l»dy will 
2^^of ^^^"^ round with tne board, but will not remove 
griTity. from the middle of it ; for, as all parts of the 
body are in equUibrio round its centre of gravity, 
and the centre of gravity is at rest in the centre 
of motion, the centrifrugal force of all part» #f 




Of Central Forces. 45 

the body will be equal at equal distances &om its lect. 
centre of moticxiy and therefore the body will . " ' 
remain in its place. But if the centre of gravity 
be placed ever so little out of the centre of mo* 
tion, and the machine be turned swiftlv round, 
the body will fly off toward that side of tne board 
on which its centre of gravity lies. Thus, if the ^'«- ^ 
wire C with its little baJl B be taken away from 
the demi-globe ^, and the flat side ef of this 
demi-globe be laid upon the whirling-board of 
the machine, so that their centres may coincide ; 
if then the board be turned ever so quick by 
the winch, the demi-globe will remain where it 
was placed. But if the wire C be screwed into 
the demi-globe at cf, the whole becomes one 
body, whose centre of gravity is now at or near 
d. Let the pin c be fixed in the centre of the 
whirling-board, and the deep groove b cut in the 
flat side of the demi-globe be put upon the pin, 
so as the pin may be in the centre of ^, [See 
Jjg. 5, where this groove is represented at ^Ik^.j. 
and let the whirling-board be turned by the 
winch, which will carry the little ball B (Fig 4), 
with its wire C, and the demi-globe ^, all round 
the centre pin c i ; and then the centrifugal 
force of the little ball jB, which weighs only one 
ounce, will be so great as to draw off the demi- 
globe A, which weighs two pounds, until the 
end of the groove at e strikes against the pin c, 
and so prevents the demi-globe ^ from going 
any farther ; otherwise, the centrifugal force of 
B would have been great enough to have carried 
ji quite off the whirling-board : which shews, 
that if the sun were placed in the very centre of 
^e orbits of the planets, it could not possibly 
remain there ; for the centrifugal forces of the 
planets would carry them quite off, and the sun 
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I.1CT. ^A them, especially when several of them hap* 
«• pened to be in any one quarter of the heavens : 
foi* the sun and planets are as much connected 
by the mutual attraction that subsists between 
them, as the bodies ui and B are by the wire C 
which is fixed into them both. And even if 
there were but one single planet in the whole 
heavens to go round ever so large a sun in the 
centre of its orbit, its centrifugal force would 
soon carry off both itself and the sun. For the 
greatest body placed in any part of free space 
might be easily moved ; because if there were 
np other body to attract it, it could have no 
wdght or gravity of itself; and consequently^ 
though it could have no tendency of itself to re- 
move from that part of space, yet it might be 
very easily moved by any other substance. 

10. As the centrifugal force of the light body 
B will not allow the heavy body /i to remain in 
the centre of motion, even though it be 24 times 
as heavy as £ ; let us now take the ball ^ (Fig* 
6) which weighs 6 ounces, and connect it by 
the wire C with the ball B, which weighs only 
one ounce ; and let the fork E be fixed into the 
centre of the whirling-board : then hang the 
balls upon the fork by the wire C in such a 
manner that they may exactly balance each other, 
which will be when the centre of gravity between 
them, in the wire at rf, is supported by the fork. 
And this centre of gravity is as much nearer to 
the centre of the ball -/^, than to the centre of 
the ball J?, as ^ is heavier than £, allowing for 
the weight of the wire on each side of the fork. 
This done, let the machine be put into modon 
by the winch ; and the balls ^ and B will go 
round their common, centre of gravity rf, keeping 
their balance, because either will not allow the 
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other to fly oflf with it. For, supposing the ball i.ect. 

^ to be only one ounce in weight, and the ball ^ J|;^ 

^ to be six ounces, then, if the wire C were "" 
equally heavy on each side of the fork, the centre 
of gravity d would be six times as far from the 
centre of the ball B as from that of the ball ji^ 
and consequently B will revolve with a velocity 
six times as great as ^ does, which will give B 
six times as much centrifugal force as any single 
ounce of ji has ; but then, as £ is only one 
ounce, and j4 six ounces, the whole centnfugal 
force of ji will exactly balance the whole cen- 
trifugal force of B : and, therefore, each body 
will detain the other so as to make it keep in its 
circle. This shews that the sun and planets 
must all move round the common centre of gra- 
vity of the whole system, in order to preserve 
that just balance which takes place among thenu 
For the planets being as inactive ^d dead as 
the above balls, they could no more have put 
themselves into motion than these balls can ; nor 
have kept in their orbits without being balanced 
at first with the greatest degree of exactness up- 
on their common centre of gravity, by the Al- 
mighty hand that made them, and put them in 
motion. 

Perhaps it may be here asked, that since the 
centre of gravity between these balls must be 
supported by the fork E in this experiment, 
what prop it is that supports the centre of gra- 
vity of the solar system, and consequently bears 
the weight of all the bodies in it ; and by what 
is the prop itself supported ? The answer is easy 
and plain ; for the centre of gravity of our balls 
inust be supported, because they gravitate to- 
ward the earth, and would therefore fall to it : 
but as th^ sun and planets gravitate only toward 



48 Of Central Forces. 

one another, they have nothing else to fall to ; 
and therefore have no occasion for any thing to 
support their common centre of gravity ; and if 
they did not mowe round that centre, and con- 
sequently acquire a tendency to fly off from it 
by their motions, their mutual attractions would 
soon bring them together; and so the whole 
would become one mass in the sun: which 
would also be the case if their veloddes round 
the sun were not quick enough to create a cen« 
trifugal force equal to the sun's attraction. 

But after all this nice adjustment, it appears 
evident that the Deity cannot withdraw his regu* 
lating hand from his works, and leave them to 
be solely governed by the laws which he has im* 
pressed upon them at first. For if he should 
once leave them so, their order would in time 
come to an end ; because the planets must ne- 
cessarily disturb one another's motions by their 
mutual attracdons, when several of them are in 
the same quarter of the heavens, as is often the 
case: and then, as they attract the sun more 
toward that quarter than when they are in a 
manner dispersed equably around him, if he was 
not at that time made to describe a pordon of a 
larger circle round the common centre of gnu 
vity, the balance would then be immediately de- 
stroyed ; and as it could never restore itself again, 
the whole system would begin to fall together, 
and would in dme unite in a mass at the sub. ^ 



^ The opinion here stated by our author is now com* 
pletely exploded, by the recent discoveries in physical 
astronomy. All the inequalities in our system, arising from 
the mutual action of the planets, are periodical and com- 
pensatory. Every derangement rises to a maximum in the 
course of many centuries, and then diminishes ; and this ift 

balaoced 
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Of this disturbance we have a very remarkable ucr. 

instance in the comet which appeared lately,^ ^^_ 

and which in going last up from the sun, went ' 
8o near Jupiter, and was so affected by his at- 
traction, as to have the figure of its orbit much 
changed ; and not only so, but to have its period 
altered, and its course different in the heavens 
from what it was before. 

11. Take away the fork and balls from the Fig. r- 
whirling-board, and place the trough A B there- 
on, fixmg its centre to the centre of the whirl- 
ing-board by the pin H. In this trough are two 
balls D and £, of unequal weights, connected 
by a wire f^ and made to slide easily upon the 
wire C stretched from end to end of the trough, 
and made fast by nut screws on the outside of 
the ends. Let these balls be so placed upon die 
wire C, that their common centre of gravity g 
may be directly over the centre of the whirling- 
bosurd. Then, turn the machine by the winch, 
^ver so swiftly, and the trough and balls will go 
round their centre of gravity, so as neither of 
the badls will fly off; because, cm account of the 
equilibrium, each ball detains the other with an 
equal force acting against it. But if the ball E 
be drawn^ a little more toward die end of the 
trough at Aj it will remove the centre of gravity 
towaurd that end from^'the centre of modon ; and 
then, upon turning the machine, the little ball 
E will fly off) and strike with a considerable 
force against the end A^ and draw the great ball 



balanced by denftgementt of an equal and opposite kind, 
to that the tyttem resmnes the same relatire situattoQ 
which it had in fionner ages. In such a manner hat it 
pleased the Almighty to preserre the works which he hath 
made. — ^Eo. 

Fol. L k D 
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B into the middle of the trough. Or, if the 
great ball D be drawn toward the end B of the 
trough, so that the centre of gravity may be a 
little toward that end from the centre of motion, 
and the machine be turned by the winch, the 
great bail D will fly off, and strike violently 
against the end B of the trough, and will bring 
the little ball E into the middle of it. If the 
trough be not made very strong, the ball D will 
break through it. 

J 2. The reason why the tides rise at the same 
absolute time on opposite sides of the earth, and 
consequently in opposite directions, is mad^ abun- 
dantly plain by a new experiment on the whirl- 
ing-table. The cause of their rising on the ^de 
next the moon every one understands to be ow- 
ing to the moon's attraction: but why they 
should rise on the opposite side at the same time, 
where there is no moon to attract them, is per- 
haps not so generally understood. For it would 
seem that the moon should rather draw the wa- 
ters, as it were, closer to that side, than raise 
them upon it, directly contrary to her attractive 
force. Let the circle abed represent the eardi, 
with its side c turned toward the moon, which 
will then attract the waters so as to r^se them 
from c to g. But the question is, why should 
they rise as high at that very time on the oppo- 
site side, from aio e? In order to explain this, 
let there be a plate ji B fixed upon one end of 
the flat bar D C, with suich a circle drawn upon 
it as a A c rf (in Fig. 8), to represent the round 
figure of the earth and sea ; and such an ellipsis 
^ efg h to represent the swelling of the tide at 
e and ^, occasioned by the influence of the moon. 
Over this plate jiB let the three ivory balls e,y^ g^ 
be hung by the silk lines h, f, A, fastened to the 
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tops of the crooked wes H^ /, JT, m such a urcr. 
manner^ that the ball at e may hang freely over . "• 
the side of the circle e, which is farthest from the ' 
moon M^v the other end of the bar ; the ball 
at / may hang freely over the centre, and the 
ball at g hang oyer the side of the circle g which 
is lieareSt the moon; The ball / may represent 
the centre of the earth, the ball g some water on 
the side next the moon, and the ball e some wa- 
ter on the opposite side. On the back of the 
moon M is fixt the short bar N parallel to the 
horizon, and there are three holes in it above the 
little weights />, 9, r. A silk thread is tied to 
the line k close above the ball gj and passing by 
one side of the moon My goes through a hole in 
the bar JV, and has the weight p hung to it. Such 
another thread n is tied to the line i, close above 
the baliy^ and passing through the centre of the 
moon il/and middle of the bar iV, has the weight 
q hung to it, which is lighter than the weight p. 
A third thread m is tied to the line hj close above 
the ball e, and passing by the other side of the « 
moon My through the bar N, has the weight r 
hung to it, which is lighter than the weight q. 

Tne use of these three unequal wdghts is to 
represent the moon's unequal attraction at dif- 
ferent distances from her.* "With whatever force 
she attracts the centre of the earth, she attracts 
the side next her with a greater degree of force, 
and the side farthest from her with a less. So, 
if the weights are left at liberty, they will draw 
all the three balls tpward the moon with diflfer- 
ent degrees of force, and cause them to make 
the appearance shewn in Fig. 10; by which Fif.x#» 
means they are eindently farther from each other 
than they wduld be if they hung at liberty by 
the tines A, t, It ; because the lines would then 

D2 
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i-BCT. hang perpendicularly. This shews^ that as the 
^ moon attracts the side of the earth which is near- 
est her with a greater degree of force than she 
does the centre of the earthy she will draw the 
water on that side more than she draws the cen-> 
tre, and so caqse it to rise on that side ; and as 
she draws the centre more than she dmws the 
opposite side, the centre will recede farther from 
the surface of the water on that opposite side, 
and SQ leave it as high there as she raised it on 
the side next to her. For, as the centre will be 
in the middle between the tops of the opposite 
derations, they must of course be equally high 
on both sides at the same time- 
But upon this supposition the earth and moon 
would soon come together : and to be sure they 
would, if they had not a motion round their 
common centre of gravity, to create a degree of < 
centrifugal force sufficient to balance their mu- 
tual attraction. This motion they have ; for as 
the moon goes round her orbit every month, at 
the distance of 240,000 miles from the earth's 
centre, and of 234,000 miles from the centre of 
gravity of the earth and moon, so does the earth 
go round the same centre of gravity every month 
at the distance of 6,000 miles from it ; that is, 
from it to the centre of the earth. Now as the 
earth is (in round nmnbers) 8,000 miles in dia- 
meter, it is plain that its side next the moon is 
only 2,000 miles from -the common centre of 
gravity of the earth and moon ; its centre 6,000 
miles distant therefrom ; and its further side from 
the moon 10,000: therefore th^ centrifugal 
forces of these parts are as 2,000, 6,000, and 
10,000 ; that is, the centrifugal force of any side 
pf the earth, when it is turned from the moon, 
is five times as great as when it is turned toward 



• v« 



Of the Tides. S3 

the moon: and as the moon's attraction (ex- jlbct. 

pressed by the nmnbers 6,000, &c. at the ealth's, ^ 

centre keeps the earth from flying out of this ' 
monthly circle, it must be greater than the cen- 
trifugal force of the waters on the side next her ; 
and consequently, her greater degree of attrac- 
tion on that side is sufEaent to raise them ; but 
as her attraction on the opposite side is less than 
the centrifugal force of the water there, the ex- 
cess of this force is sufficient to raise the water 
just as high on the opposite side.' To prove 
this expenmentally, let the bar D C, with its 
furniture, be fixed upon the whirling-board of 
the machine (Fie. l), by pushing the pin P into 
the centre of the board; which pin is in the 
centre of gravity of the whole bar with its three 
balls e^f^ gj and moon M. Now if the whirl- 
ing-board and bar be turned slowly round by the 
winch until the ball / hangs over the centre of 
the circle, as in Fig. 1 1, the ball g will be keptp^. n. 
toward the moon by the heaviest weight p (Fig. 
9), and the ball e, on account of ifs greater cen- 
trifugal force, and the lesser wcdght r, will fly 
oflF as fiaur to the other side, as in l^g, 1 1. And 
thus, while the machine is kept turning, the balls 
e and g will hang over the end of the ellipsis 
Ifk; so that the centrifugal force of the bsdl e 
will exceed the moon's attraction just as much as 



' Mr. Ferguson is here mistaken m referring the rise 
of the waters, on the side of the earth opposite the moon, 
to the excess of the centrifugal force above the earth's 
attraction. The reader will scarcely be surprised at this, 
when he is informed, that the celebrated mathematician 
Mr. Wallis was guilty of the same oversight. The true 
cause of the rise of the sea is explained at length in the 
Appendix, VoL ii.— £o. 
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utcT. her attraction exceeds the centrifugal force of ibe 
u* * ball g, while her attraction just balances the cen-> 
- trifugal force of the baliyi and makes it keep in 
its circle. And hence it is evident^thattiie tides 
must rise to equal heights .at the same time qn 
opposite sides of the earth* ^This e;^periment, 
to the best of my knowledge, is entirely new. 
The evth's , From the principles thus established, it is evi^ 
^^^^ dent that the eardi moves round the sun, and 
ed * not the Sim round the earth ; for the centrifugal 
law will never allow a great body to move round 
a small one in any orbit whatever^ especially 
when we find that if a small body moves" round 
a great one,, the great one must sdso move round 
the common centre of gravity between them 
two ; and it is well known that the quantity of 
matter in the sun is 227,000 times as great as 
the quantity of matter in the e^rth. Now, as 
the sun's distance from the earth' is at least 
81,000,000 of miles, if we divide that distance 
by 227,000, we shall have oidy.S57 for the 
number of miles that the centre .of gravity be- 
tween the sun and earth is distant from the sun's 
centre. And as the sim's semidiameter is ^ of a 
degree, which, at so great a distance as that of 
the sun, must be no less than 381,500 miles ; if 
this be divided by 357, the quotient will be 
nearly 1,069, which shews that the common 
centre of gravity between the sun and earth is 
within the body of the sun ; and is only the 
1 ,069'** part of his semjdiameter from the centre 
toward his surface^ 

All globular bodies, whose parts can yield, 

and which do not turn on their axis, must be 

perfect spheres, because all parts of their sur- 

• fices are equally attracted toward their centres, 

But all such globes which do turn on thei^ 



N 




TRe Earthisi Motion demonstrated. 55 

^es vfiM be oblate spheroids ; that is, their sur- 
faces will be higher, or farther from the centre, 
in the equatorial than in the polar regions. For, 
as the equatorial parts move quickest, they must 
have the greatest centrifugal force ; and will 
therefore recede farthest from the axis of mo- 
tion. Thus if two circular hoops ylB and CDfi%. x». 
made thin and flexible, and crossing one an- 
other at right angles, be turned round their axis 
EF by means of the winch wi, the wheel n, and 
pinion o, and the axis be loose in the pole or 
mtersection e, the middle parts ^, Bj C, Z), will 
swell out so as to strike against the sides of the 
frame at F and G, if the pole e, in sinking to 
the pin £, be not stopt by it from sinking far- 
ther : so that the whole will appear of an oval 
figure, the equatorial diameter being consider- 
ably longer than the polai*. That our earth is 
of this figure, is demonstrable from the actual 
measurement of some degrees on its surface, 
which are found to be longer in the frigid zones 
than in the torrid :* and the difference is found 
to be such as proves the earth's equatorial dia- 



"* S'. Pierre (Studies of Nature, ▼oL i,) has attempted 
Co demonstrate, that if a degree of the meridian is longer 
at the pole than at the equator, the eaith must be a pro- 
late spheroid, i. e, lengthened out at the poles. Upon this 
principle he attempts to explain the tides and the currents 
in the ocean, which he supposes to be occasioned by the pe« 
nodical melting of the polar glaciers. It is remarkable that 
this author, who certainly deserves praise as a naturalist, 
should have committed a mistake of which a school-boy 
might be ashamed. At the beginning of his demonstra* 
cion, he supposes, that the figure of the earth is circular^ 
or, in other words, he supposes that it is not an oblate 
spheroid^ before he begins to demonstrate that it is a pro- 
late one. His theory of the tides, therefore, must be false, 
as it is built upon a false priQciple.^-£D. 
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LEcr. meter to be 36 miles longer than its axis.^ — 
"* Seeing, then, the earth is higher at the equator 

■""^^"^ than at the poles, the sea, which like all other 
fluids naturally runs downward, (or toward the 
places which are nearest the earth's centre), 
would run toward the polar regions, and leave 
the equatorial parts dry, if the centrifugal force 
of the water, which' earned it to diose parts, and 
80 raised them, did not detain and keep it iBrom 
running back agpin toward the poles of the 
earth. 



' From a cc 
of the meridiiai 
that the compression 



fhe diameter of the earth at the equator it 7934.9 English 
miles nearly y its diameter at the poles will be 7906*6 miles; 
less than the former by 7^ of the whole; or its equatorial 
axis will be bnger th^o its polar axis by 261$^ miles.— * 
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OF THE MECHANICAL POWERS. 



If we consider bodies in motion, and compare lect. 
them together, we may do this either .with re- ""; 
ppect to the quantities of matter they contain, or xhTfouI^. 
the velocities with which they are moved. The »tioii of au 
heavier any body is, the greater is the power "*^**"** 
required either to move it or to stop its motion ; 
;md again, the swifter it moves, the greater is 
its force. So that the whole momentum or quan- 
tity of force of a moving body is the resuh of 
its quantity of matter multiplied by the velocity 
with which it is moved ; and when the products 
^sing from the multiplication of the particular 
quantities of matter in any two bodies by their 
respective velocities are equal, the momenta or 
entire forces are so too. Thus, suppose a body, 
which we shall call A^ to weigh 40 pounds, and 
to move at the rate of two miles in a minute ; 
and another body, which we shall call Bj to 
weigh only four pounds, and to move 20 miles 
)n a minute ; the entire forces with which these 
two bodies would strike against any obstacle 
would be equal to each other, and therefore it 
would require equal powers to stop them : for 
40 multiplied by 2 gives 80, the force of the 
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MCT. body A; and 20 multiplied by 4 gives 80, the 
^ "*■ force of the body B. 

^ Upon this easy principle depends the whole of 

mechanics: and it holds universally true, that 
when two bodies are suspended on anv machine, 
so as to act contrary to each other, if the ma- 
chine be put into motion, and the perpendicuUur 
ascent of one body multiplied into its weight, be 
equal to the perpendicular descent of the other 
body multiplied into its weight, those bodies, 
how unequal soever in their weights, will balance 
one another in all situations : for, as the whole 
ascent of one is performed in the same tinie 
with the whole descent of the other, their re- 
spective .velocities must be directly as the spaces 
they move through ; and the excess of weight 'vbl 
one body is compensated by the excess ot vdo- 
li0^ ^ city in the other. Upon this principle it is easy 
compute to compute the power of any mechanical engine^ 
^MY^ whether simple or compound ; for it is but only 
cbftnicai finding how much swifter the power moves than 
•***■** the weight does, (t . e. how much farther in the 
same time), and just so much is the power in- 
creased by the help of the engine. 

In the theory of this science, we suppose all 
planes perfectly even, all bodies perfectly smooch, 
levers to have no weight, cords to be extremdj 
pliable, machines to have no friction ; and, in 
short, all imperfections must be set aside untH 
the theory be established ; and then proper al- 
lowances are to be made. 
Tiie me- The simple machines^ usually called TnechanU 
chanic col powers. are six in number,' viz. the lever. 



wkat. 



* Some writers on mechanics exclude the hclined pimt^ 
from the nun^ber of the mechanical powers^ while othcd 

add 
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the wheel and axlcj the pulley ^ the inclined plane j JLECT 
the wedgCj and the screiv. They are called 
mechanical powers, because they nelp us me- 
chanically to raise weights, move heavy bodies, 
and overcome resistances, which we could not 
effect without them. 

1. A lever is a bar of iron or wood, one part The 
pf which being supported by a prop, all the other 
parts turn upon that prop as their centre of mo-* 
tion ; and the velocity of every part or point is 
directly as its distance from the prop. There- 
fore, when the weight to be raised at one end is 
to the power applied to the other to raise it, as 
the distance of the power from the prop is to the 
distance of the weight from the prop, the power 
an4 weight will exactly balance or counterpoise 
leach other ; and ^ a common lever has next to 
no friction on its prop, a very little additional 
power will be sufficient to raise the weight. 

There are four kinds of levers. 1. The cork 
jQion sort, where the prop is placed between the 



add the balance to the number. All the mechanical powers 
may, with great propriety, be reduced to twOf the lever, 
and the inclined plane. The puUey^ and the wheel and 
Mxle^ are merely an assenablage of levers. The weJge is 
evidently composed of two inclined planes ; and the urew 
u only a wedge wrapped round a cylinder. Some foreign 
mechanicians add the rofet or rope maebinet to the numbeir . 
of mechanical powers. The weight is suspended anywhere 
^ween the extremities of the rope, to each of which a 
power is applied after they have passed over a pulley. In 
this machine, the powers and weight will be in equiBhrio^ 
or will balance each other, when the powers are inverse* 
ly as the sines of the angles which they make with the 
direction of the weight, or as the secants of the angles 
which the direction of the powers makes with the horizoq* 
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LBCT. weight and the power, but much nearer to (he 

^^ ^ weight than to the power ; 2. When the prop is 

at one end of the lever, the power at the other, 
and the weight between them; 3. When the 
prop is at one end, the weight at the other, and 
the power applied between them ; 4. The bend- 
ed lever, which differs only in form from the 
first sort, but not in property. Those' of rhe 
• iirst and second kind are often used in mechanic* 
al engines ; but there are few instances in which 
the third sort is used.^ 
'ihchUmet. A common balance is by some reckoned a lever 
of the first kind ; but as both its ends are at 
equal distances from its centre of motion, they 
move with equal velocities; and therefore, as 
it gives no mechanical advantage, it caqpot 
properly be reckoned among the mechanical 
powers.* 
FLAT! V. A lever of the first kind is represented by the 
T?c fim bar -^^ ^9 supported by the prop D. Its prin- 
kind of cipal use is to loosen large stones in the ground, 
or raise great weights to small heights, in order 
to have ropes put under them for raising them 
higher by other machines. The parts A £ and 
B Cj on different sides of the prop Z>, are calle4 



' For an account of what it called Mtciamcal jinihnetUf 
which 18 performed by moying weights oft the arm of a 
levery see Adam's Natural Philosophy, v. iii» p« 276* The 
arithmetical balaace was invented by Cassini, and is described 
in the Journal da SavaaSf \Q76j p* 303» 12"°. By meant 
of it, all the principal rules of arithmetic may be easily 
solved. — Ed* 

^ The following curious property of the balance is men* 
tioned by Helsham.— -If a man pbced in one scale, and 
counterpoised by a^ weight in the other, press the beam 
upwards, he will thus cause the scale in which he stands t# 
preponderate. — £d* 
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the arms of the lever : the end A of the shorter lect. 
arm AB being appli^ to the weight intended to ^ 
be raised, or to the resistance to be overcome ; 
and the power applied to the end C of the long- 
er arm n C. 

In making experiments with this machine, 
the shorter arm A B must be as much thicker 
than the longer arm B C^ zs will be sufficient 
. to balance it on tl^c prop. This supposed, let 
P represent a power, whose gravity is equal to 
1 ounce ; and W a weight, whose gravity is 
equal to 12 ounces. Then, if the power be 12 
times as £ur from the prop as the weight is, they 
will exactly counterpoise ; and a small addition * 
to the power P will cause it to descend, and 
raise the weight fV; and the velocity with which 
the power descends will be to the velocity with 
which the weight rises, as 12 to 1 ; that is, 
directly as their distances from the prop ; and 
consequently as the spaces through which they 
move. Hence it is plain, that a man, who by 
his natural strength, without the help of any 
machine, could support a hundred-weight, will 
by the help of this lever be enabled to support 
twelve hundred. If the weight be less, or the 
power greater, the prop may be placed so much 
farther nom the weight, and then it can be raised 
to a proportionably greater height. For, uni- 
versally, if the intensity of the weight multiplied 
into its distance from the prop, be equal to the 
intensity of the power multiplied into its distance 
from the prop, the power and weight will ex- 
actly balance each other ; and a little addition to 
the power will raise the weight. Thus, in the 
present instance, the weight JV is \2 ounces, 
and its distance from the prop is 1 inch ; and 12 
QAiltipUed by 1 is 12 ; the power P is equal to 1 
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ouncCy and its distance irom the prop is 12 
inches, which multiplied by 1 is 12 again ; and 
therefore there is an equilibrium between thenu 
Soy if a power equal to 2 ounces be applied at 
the distance of six inches from the prop, it will 
just balance the weight fF; for 6 multiplied by 
2 is 12, as before* And a power equal to 3 
ounces, placed at 4 inches distant from the prop 
would be the same ; for 3 times 4 is 12 ; and so ^ 
on in proportion. 
itietteA- The stateroj or Roman steelyard^ is a lever of 
this kind, and is used for finding the weights of 
different bodies by one single weight placed at 
different distances from the prop or centre of 
motion D. For, if a scale hangs at ^, the ex- 
tremity of the shorter arm ABj is of such a 
wdght as will exactly counterpoise the longer 
arm B C; if this arm be divided into as many 
equal parts as it will contain, each equal to AB^ 
the single weight P, (which we may suppose to 
be 1 pound), will serve for weighing any thing 
as heavy as itself, or as many times heavier as 
there are divisions in the arm B C, or any quan- 
tity between its own weight and that quantity. 
As, for example, if P be 1 pound, and placed 
at the first division 1 in the arm B C, it will 
balance 1 pound in the scale at ^; if it be re- 
moved to the second division at 2, it will balance 
2 pounds in the scale ^ if to the third, S pounds; 
and so on to the end of the arm B C. If each 
of these integral divisions be subdivided into as 
many equal parts as a pound contains oimces, 
and the weight P be placed at any of these sfib- 
divisionsy so as to counterpoise what is in the 
scale, the pounds and Ojdd o'lmces therein will by 
that means be ascertained. 

To this kind of lever may be reduced seve* 



\ 
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nl sorts of instruments, such as scissars, pincers, l.ect. 
snufiers, which are made of two levers, acting . "** 
contrary to one another; their prop or centre 
of motion being the pin which keeps them to- 
gether. 

In common practice, the longer arm of this 
lever greatly exceeds the weight of the shorter, 
which gains great advantage, because it adds so 
much to the power. 



A lever of the second kind has the weight be- Th« 
tween the prop and the power. In this, as well ^^^ 
as the former, the advantage gained is as the dis- 
tance of the power from the prop to the distance 
of the weight from the prop : for the respective 
velocities of the power and weight are in that 
proportion; and they will balance each other 
when the intensity of the power multiplied by 
its distance from the prop is equal to the intensi- 
ty of the weight multiplied by its distance from 
dne prop. Thus, if -4 -S be a lever on which the Ttg. %, 
weight tVoi 6 ounces hangs at the distance of 
1 inch from the prop G, and a power P equal to 
the weight* of 1 ounce hangs at the end Bj 6 
inches from the prop, by the cord CD going 
over the fixed pulley jB, the power will just sup- 
port the weight: and a small addition to the 
power will raise the weight 1 inch for every 6 • 

inches that the power descends. 

This lever shews the reason why two men car- 
rying a burthen upon a stick between them, bear 
unequal shares of the burthen in the inverse pror 
portion of their distances from it. For it is weU 
known, that the nearer any of them is to the 
burthen, the greater share he bears of it ; and if 
he goes directly under it he bears the whole. So, 
if one man be at G, and the other at jP, having 
the pole QX stick AB resting on their shoulders; 
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LBCrr. if the burthen or weight fThe placed five timet 
. ^ , as near the man at 6^ as it is to the man at P, 
' Ae former will bear five times as much weight 
as the latter. This is likewise applicable to the 
case of two horses of unequal strength to be so 
yoked, as that each horse may draw a part pro- 
portional to his strength ; which is done by so 
dividing the beam they pull, that the point of 
traction may be as much nearer to the stronger 
horse than to the weaker, as the strength of the 
former exceeds that of the latter. 

To this kind of lever may be reduced oars, 
rudders of ships, doors turning upon hinges, cut« 
ting-knives<vhich are fixed at the point of the 
blade, and the like. 
ne^r4 If in this lever we suppose the power and 
lerer. weight to change places, so that the power may 
be between the weight and the prop, it will be- 
come a lever of the third kind ; in which, that 
there may be a balance between the power and 
the weight, the intensity of the power must ex- 
ceed the intensity of the weight, just as much as 
the distance of the weight from the prop exceeds 
Kg. 3. the distances of the power from it. Thus, let 
E be the prop of the lever A Bj and ff^z wdght 
of 1 pound, placed 3 times as hr from the prop 
as the power P acts at Fy by the pord C going 
over the fixed pulley D ; in this case, the power 
must be equal to 3 pounds, in order to support 
the weight. 

To this sort of lever are generally referred the 
bones />f a man's arm ;^ for when we lift a weight 
by the hand, the muscle that exerts its force to 



' Alxnott aU the moTcable bones of animak are leren of 
the third kiod. See BorelR (k Moiu Ammabm^'^ttTS 
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raise that weight, is fixed to the bone about one lect. 
tenth part as rar below the elbow as the hand is : "^- 
and the elbow being the centre round which the ' 
lower, part of the arm turns, the muscle must 
therefore exert a force ten times as great as the 
weight that is raised* 

As this kind of lever is a disadvantage to the 
moving power, it is never used but in cases of 
necessity, such as that of a ladder, which being 
fixed at one end, is by the strength of a man's 
arms reared against a wall ; and m clock*work, 
where all the wheels may be reckoned levers of 
this kind, because the power that moves every 
wheel, except the first, acts upon.it near the 
centre of motion, by means of a small pinion, 
and the resistance it has to overcome, acts against 
the teeth round its circumference. 

The fourth kind of lever differs nothing from The fourth 
the first, but in being bended, for the sake of }^*°g*[°^ 
convenience. ACB is a lever of this sort, Fig. 4.' 
bended at C, which is its prop, or centre of mo- 
tion. P is a power acting upon the longer arm 
AC2X F^ by means of the cord D E going over 
the pulley G ; and fV is a weight or resistance 
acting upon the end J? of the shorter arm B C. 
If the power is to the weight, as C jB is to C l\ 
they are in equilibrio. Thus, suppose TV^ to be 
5 pounds acting at the distance of one foot from 
the centre of motion C, and JP to be 1 pound 
acting at F, five feet from the centre C, the power 
and weight will just balance each other. A ham- 
mer when used in drawing a nail is a lever of 
this sort.^ ' 



^ Whatever be the form of the lever, or the direction 
9S the power and the weight, the mechanical eneigy of the 
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LECT. 2. The second mechanical power is the wheel 
, "'■ , and axle^^ in which the power is applied to the 
^u «w drcumference of the wheel, and the weight is 
•mdtade. raised by a rope, which coils about the axle as 
the wheel is turned round. Here it is plain that 
the velocity of the power must be to the velocir 
ty of the weight, as the circumference of the 
wheel is to the circumference of the axle : and, 
consequently, the power and weight will ba- 
lance each other, when the intensity of the power 
is to the intensity of the wdght, as the circum- 
ference of the axle is to the circumference of the 
Yi%'5' wheel. Let ^^ be a wheel, CD its axle, and 
suppose the circumference of the wheel to be 8 
times as great as the circumference of the axle ; 
then a power P equal to 1 pound hanging bv 
the cord /, which goes round the wheel, will 
balance a weight fVoi S pounds hanging by the 
rope Kj which goes round the axle. And as 
the friction on the pivots or gudgeons of the axle 
is but small, a small addition to the power will 
cause it to descend, and raise the waght ; but 
the weight will rise with only an eighth pa](t of 
the velocity wherewith the power descends, Jind, 
consequently, through no more than an eighth 



power or the weight is always represented by a line drawn 
from the Jukrum, at right angles, to the direction in which 
the forces are exerted A new and beautiful property 
of the rectilineal lever is mentioned by iEpinus, in the 
Nov. Comment. Petropol. torn* viiiy p. 2^1 ; but, as it 
cannot be illustrated without the aid of geometry, we 
must rest satisfied with referring the reader to the place 
where it is to be found. Van Swinden, Posiitotus Pbync£, 
p. 187, has extended this property to levers of all kinds. 
— Ed. 

"* Sometimes called the axis in Peritroehto. To this may 
be reduced all cranes for raising wdghts, the capstane^ th< 
windlass, and the crank.-^£o. 
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part of an equal space, in the same time. If the legt. 
wheel be pulled round by the handles S^ Sj the '^ 
power will be increased in proportion to their 
length ; * and, by this means, any weight may be 
raised as high as the operator pleases. 

To this sort of engine belong all cranes for 
raising great weights y and in this case, the wheel 
may have cogs all round it instead of handles, 
and a small lantern or trundle may be made to 
work in the cogs, and be turned by a mnch ; 
which will make the power of the engine to ex- 
ceed the power of the man who works it, as 
much as the number of revolutions of the winch 
exceed those of the axle Z), when multiplied by 
the excess of the length of the winch above the 
length of the semidiameter of the axle, added to 
the semidiameter or half thickness of the rope Ky 
by which the weight is drawn up. Thus, sup- 
pose the diameter of the rope and axle taken to- 
gether, to be 1 S inches, and, consequently, half 
their diameters to be 64- inches; so that the 
weight fVvAW hang at 6\ inches perpendicular 
distance from below the centre of the axle. Now, 
let us suppose the wheel A B, which is fixed on 
the axle, to have 80 cogs, «and to be turned by 
means of a winch 67 inches long, fixed on the 
axis of a trundle of 8 staves or rounds, working 
in the cogs of the wheel : here it is plain, that 
the winch and trundle would make 10 revolu- 
tions for one of the wheel A B^ and its axis />, 
on which the rope K winds in raising the weight 
fV; and the winch being no longer than the 



* The description of a simple and powerful capstane^ 
which can be converted into a crane, will be found in th^ 
Appendix, voL ii.— *£d. 

£2 
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LKCT. sum of the semidiametere of the great axle and 
"^ rope, the trundle could have no more power on 
the wheel than a man could have by pulling it 
round by the edge, because the vrmch would 
have no greater velocity than the edge of the 
wheel has, which we here suppose to be ten 
times as great as the velocity of the rising weight ) 
so that, in this case, the power gained would be 
as 10 to 1. But if the length of the winch be 
IS inches, the power gained will be as 2Q to 1 ; 
if 1 9|- inches (which is long enough for any man 
to work by) the power gained would be as SO to 
1 : that is, a man could raise 30 times as much 
by such an engine, as he could do by his natural 
strength without it \ because the velocity of the 
handle of the winch would be 30 times as great as 
thevelocity of the rising weight; the absolute force 
of any engine being in proportion of the velocity 
of the power to the velocity of the weight raised 
by it. But then, just as much power or advan* 
tage as is gained by the engine, so much time ui 
lost in working it.^ In this sort of machines it 
is requisite to have a ratchet-wheel G on one end 
of the axle, with a catch H to fall into its teeth } 
which will at any time support the weight, and 
keep it from descending, if the person who turns 
the handle should, through inadvertency or 



^ This maxim^ which has found its way into evcrj trea- 
tise on mechanics! is certainly erroneous. If the impelling 
force of any machine is properly proportioned to the reaisu 
ance to be overcome, the tvork performed increases nearly 
in the proportion of the power employed, when the resitt* 
ance arises merely from the inertia of the work ; but when 
the resistance is chiefly occasioned by other causet, the 
work performed increases nearly in the duplicate ratio (or 
as the square) of the power employed.— £d. 
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' lessness, quit his hold while the weight is raising; lbct^ 
and, by this means, the danger is prevented whidh "^ . 
might otherwise happen by the running down of 
the weight when left at liberty. 

3. The third mechanical power or engine con- The H^* 
sists either of one moveable ptUley^ or a system 
of pulleys, some in a block oi; case which is fix* 
ed, and others in a block which is moveable, and 
rises with the weight. For though a single pul* 
ley that only turns on its axis, and moves not 
out of its place, may serve to change the direc- 
tion of the power, yet it can give no mechanical 
advantage thereto ; but is only as the beam of a 
balance, whose arms are of equal length and 
weight. Thus, if the equal weights fV and P Fig. 6, 
hang by the cord B B upon the pulley A, whose 
frame b is fixed to the beam HI, they will coun- 
terpoise each other, just in the same manner as 
if the cord were cut in the middle, and its two 
ends hung upon the hooks fixed in the pulley at 
A and A, equally distant from its centre. 

But if a weight W hangs at the lower end of 
the moveable block p of the pulley Z), and the 
cord G F goes under that pulley, it is plain that 
the half G of the cord bears one half of the 
weight PV, and the half F the other ; for they 
bear the whole between them. Therefore, what- 
ever holds the upper end of either rope, sustains 
one half of the weight ; and if the cord at f be 
drawnup so as to raise the pulley D to C, the 
cord will then be extended to its whole length, 
all but that part which goes under the pulley : 
and consequently the power that draws the cord 
will have moved twice as £u: as the pulley D 
with its weight fV rises ; on which account, a 
power whose intensity is equal to one half of the 

E S 
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weight will be able to support it, because if die 
power moves (by means of a small addition), its 
velocity will be double the velocity of the weight; 
as may be seen by putting the cord over the fixt 
pulley C, (which only changes the direction of 
the power, without giving any advantage to it), 
and hanging on the weight P, which is equal 
only to one half the weight fT; in which case 
there will be an equilibrium, and a little addition 
to F will cause it to descend, and raise ^through 
a space equal to one half of that through which 
P descends. Hence, the advantage gained will 
be always equal to twice the number of pulleys 
in the mov^Ie or undermost block. So tliat 
when the upper or fixed block u contains two 
pulleys, which only turn on their axis, and 
the lower or moveable block U contains two 
pulleys, which not only turn upon their axis, but 
also rise with the block and weight ; the advan- 
tage gsdned by this is as 4 to the working power. 
Thus, if one end of the rope KMOQyhe fixed 
to a hook at /, and the rope passes over the pul- 
leys N and /?, and under the pulleys L and P, 
and has a weight T, of one pound, hung to its 
other end at T, this weight will balance and sup- 
port a weight ^of four pounds, hanging by a 
hook at the moveable block C/, allowing the said 
block as a part of the weight : and if as much 
more power be added, as is sufficient to over- 
come the friction of the pulleys, the power will 
desc( nd with four times as much velocity as the 
weight rises, and consequently through four times 
as much space. 

The two pulleys in the fixed block Xj and the 
two in the moveable block T, are in the same 
case with those last mentioned; and those in 



\ 
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the lower block give the same advantage to the lect. 
power.' M^ 

As a system of pulleys has no great weight, ' 
and lies in a small compass, it iis easily carried 
^bout, and can be applied in a great many cases, 
for raising weights, where other engines cannot. 
But they have a great deal of friction on three 
accounts : 1. Because the diameters of their axis 
bear a very considerable proportion to their own 
diameters ;* 2. Because in working they are apt 
to rub against one another,^ or against the sides 



* A very curious and useful combioation of pulleys is 
described by Mr. Smeatony in the 47^ volume of the Phi- 
losophical Transactions. The model which he shewed to 
the society, consisted of twenty shievesy five on each pin. 
With this modely which could be carried in the pockety he 
raised six hundred weight ; and if a larger tackle of the 
same kind was properly executedi a ton might easily be 
raised by one nton. — £d. 

* An ingenious method of removing the friction of the 
pulley upon its axisy was lately invented by Mr. John Gar- 
nett. This method consists in interposing six or more cy- 
lindrical rollers between the axis and the internal cavity of 
the pulley. The extremities of the pulley's axis are fixed 
as usual in a block, and the ends of the axis of the rollers 
turn in large holes, made in flat rings of brass or iron. 
This method has been adopted on board of ships ; and it 
has been found that three men are able to draw as much 
weight by a set of pulleys of that construction, as *ive men 
are able to raise by a similar set of common pulleys. — Ed. 

' A considera))le improvement in the construction of the 
pulley has been made by Mr. J. White^ for which he has 
received a patent. The apparatus consists of two pulleys* 
one fixed, and the other moveable, each of which has six 
concentric grooves, of different diameters, capable of receiv- 
ing a rope round them, that* they may act in the same man- 
ner as separate pulleys, whose diameters are equal to those 
of the grooves. By this construction, lateral friction is 
destroyed, and that species of shaking motion removed with 
v^hith the common pulley is attecded.4— Ed* 



/ 



72 Of t]ie Mechanical Powern. 

1.ECT. of the block ; 3. Because of the stiflfnesa ot the 
"L rope that goes over and under them. 
' : , * 4. The fourth mechanical power is the m- 
f,u«, dined plancj and the advantage gained by it is 
Plate vt,j^ great as its length exceeds its perpendicular 
'^' ** height. Let -^5 be a plane parallel to the hori^ 
zon, and CD 2l plane inclined to it; and sup- 
pose the whole length CD to be three times as 
great as the perpendicular height G/F: in this 
case, the cylinder E will be supported upon the 
plane CZ>, and kept from rolling down upon it, 
by a power equal to a third part of the weight of 
the cylinder. Therefore, a weight may be rolled 
up this inclined plane with a third part of the 
power which would be sufficient to draw it up 
by the side of an upright wall. If the plane 
' was four times as long as high, a fourth part of 
the power would be sufficient; and so on, in 
proportion. Or, if a weight was to be raised 
from a floor to the height G jP, by means of the 
machine AB CDj (which would then act as a 
half wedge, where the resistance gives way only 
on one side), the machine and weight would be 
in equilibrio when the power applied 2X GF was 
to the weight to be raised, as GF to GB ; and 
if the power be increased, so as to overcome the 
friction of the machine against the floor and 
weight, the machine will be driven, and the 
weight raised ; and when the machine has mov- 
ed its whole length upon the floor, the weight 
wU be raised to the whole height from G to jP. 

The force wherewith* a rolling body descends* 
upon an inclined plane, is to the force of its ab- 
solute gravity, by which it would descend per- 
pendicularly in a free space, as the height of the 
Fi; a. plane is to its length : for, suppose the plane AB 
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to be parallel to the horizon, the cylinder C will lect. 
keep at rest upon any part of the plane where it '"• 
is laid. If the plane be so elevated, that its per- 
pendicular height!) is equal to half its length Fig.^« 
A By the cylinder will roll down upon the pkuie 
with a force equal to half its weight ; for it would 
require a power, (acting in the direction of AB)^ 
equal to half its weight, to keep it from rolling. 
If the plane ABhe elevated, so as to be perpen-Fig.4* 
dicular to the horizon, the cylinder C will des- 
tend with its whole force of gravity, because 
the plane Contributes nothing to its support or 
hindrance; and therefore, it would require a 
power equal to its whole weight to keep it from 
descending. 

Let the cylinder Cbe made to turn upon slen-Fi'si* 
der pivots in the frame /), in which there is a 
hook e, with a line G tied to it : let this line go 
over the fixed pulley /f, and have its other end 
tied to the hook in the weight /. If the weight 
of the body /, be to the weight of the cylinder 
C^ added to that of its frame D, as the perpen- 
dicular height of the plane LM is to its length 
A By the weight will just support the cylinder 
upon the plane, and a small touch of a finger 
will either cause it to ascend or descend with 
equal ease : then, if a little addition be made to 
the weight 7, it will descend, and draw the cylin- 
der up the plane. In the time that the cylinder 
moves from A to By it will rise through the 
whole height of the plane ML ; and the weight 
will descend from H to K, through a space equal 
to the whole length of the plane AB. 

If the machine be made to inove upon rollers 
or friction- wheels, and the cylinder be supported 
upon the plane CBby vl line G parallel to the 
plane^ a power somewhat less than that w*hich 
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LECT. drew the cylinder up the plane will draw the 

, '"* plane under the cylinder, provided the pivots of 

" the axes of the friction-wheels be small, and the 

wheels themselves be pretty large. For, let the 

^"f-^- machine jiBC (equal in length and height to 
ABM^ Fig. 5), move \ipon four wheels, two 
whereof appear at D and E; and the third un* 
der C, while the fourth is hid from sight by the 
horizontal board a. Let the cvlinder F be laid 
upon the lower end of the inclined plane CB^ 
and the line G be extended from the frame of 
the cylinder about six feet, parallel to the plane 
CB ; and, in that direction, fixed to a hook in 
the wall ; which will support the cylinder, and 
keep it from rolling oflF the plane. Let one end 
of die line Hhe tied to a hook at Cin the ma- 
chine, and the other end to a weight Kj some^ 
what less than that which drew the cylinder up 
the plane before. If this line be put over the 
fixed pulley /, the weight K will draw the ma- 
chine along the horizontal plane Z, and under 
the cylinder F; and when the machine has been 
drawn a little more than the whole length (7^, 
the cylinder will be raised to dj equal to the per- 
pendicular height jiB above the horizontal part 
at ^. The reason why the machine must be 
drawn further than the whole length Cji is, be- 
cause the weight F rises perpendicular to CB. 

To the inclined plane may be reduced all 
hatchets, chisels, and other edge-tools which 
are chamfered only on one side. 

tkb oMjpr. 5. The fifth mechanical power or machine is 
the wedgCj which may be considered as two 
equally inclined planes DEF and CE Fj join- 

hg. 8. ed together at their bases eE FO: then D C 
is the whole thickness of the wedge at its back 
ABCD^ where the power is applied; EF i% 
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the depth or height of the wedge ; D J'' the ltct- 
length of one of its sides, equal toCF the length ' ^ 
of the other side ; and F is its sharp edge, 
which is entered into the wood intended to be 
split by the force of a hammer or mallet strik- 
ing perpendicularly on its back. Thus ABbr%g,^ 
is a wedge driven into the cleft CDE oi the 
wood FG. . 

Wh«i the wood does not cleave at any dis- 
tance before the wedge, there will be an equili- 
brium between the power impelling the wedge 
downward, and the resistance of the wood act- 
ing against the two sides of the wedge when the 
power is to the resistance, as half the thickness 
of the wedge at its back is to the length of either 
of its sides ; because the resistance then acts 
perpendicular to the sides of the wedge. But, 
when the resistance on each side acts parallel 
Co the back, the power that balances the resist- 
ances on both sides will be as the length of the 
whole back of the wedge is to double its perpen- 
dicular height. 

When the wood cleaves at aay distance be- 
fore the wedge (as it generally does), the power 
impelling the wedge will not be to the resistance 
of the wood, as the length of the back of the 
wedge is to the length of both its sides ; but as 
half the length of the back is to the length of 
either aide of the cleft, estimated from the top 
or acting part of the wedge. For, if we suppose 
the wedge to be lengthened down from b to the 
bottom of the cleft at E, the same proportion 
will hold, namely^ that the power will be to 
the resistance, as half the length of the back of 
the wedge is to the length of either of its ddes ; 
•r, which amounts to the same thing, as the 



/ 
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UCT. whole length of the back is to the length of both 
O'i the sides* 

' ' ' ' In order to prove nrhat is here advanced con- 
cerning the wedge, let us suppose the wedge to 
be divided lengthwise into two equal parts ; and 
then it will become two equal inclined planes ; 

Kg. 7- one of which, as a 6 c, may be made use of as 
a half wedge for separating the moulding c d 
from the wainscot Si B. It is evident, that 
when this half wedge has been driven its whole 
length a c between the wainscot and moulding, 
its side ac will be at edf and the moulding will 
be separated to fg from the wainscot. Now, 
frx>m what has been already proved of the in- 
clined plane, it appears, that to have an equili« 
brium between the power impelling the half 
wedge, and the resistance of the moulding, the 
former must be to the latter, ^s a b to ac; that 
is, as the thickness of the back which receives 
the stroke is to the length of the side against 
which the moulding acts. Therefore, ^nce the 
power upon the half wedge is to the resistance 
against its side, as the half back ab is to the 
whole side a c, it is plain, that the power upon 
which the whole wedge (where the whole back is 
double the half back), must be to the resistance 
agauist both its sides, as the thickness of the 
whole back is to the length of both the sides, 
supposing the wedge at the bottom of the cleft ; 
or as the thickness of the whole back to the 
length of both sides of the cleft, when the wood 
splits at any distance before the wedge. For, 
when the wedge is driven quite into the wood, 
and the wood splits at ever so small a distance 
before its edge, the top of the wedge then be- 
comes the acting part, because the wood does 
not touch it anywhere else : and since the bpt* 
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torn of the deft must be considered as that part lict. 
where the whole stickage or resistance is accu- - ™- 
mulated, it is plain, from the nature of the lever, ' 
that the £uther the power acts from the resist* 
ance, the greater is the advantage. 

Some writers have advanced, that the power 
of the wedge is to the resistance to be overcome^ 
as the thickness of the back of the wedge is to 
the length only of one of its sides, which seenpis 
very stranee;^ for, if we suppose AB to be a 
strong inflesable bar of wood or iron fixed into 
the ground at CB^ and D and £ to be two^-x^ 
blocks of marble lying on the ground on oppo- 
site sides of the bar ; it is evident that the block 
D may be separated from the bar to the distance 
dy equal to a b^ by driving the inclined plane or 
half wedge abo down between them ; and the 
block E may be separated to an equal distance 
on the other side, in like manner, by the half 
wedge cdo» But the power impelling each half 
wedge will be to the resistance of the block 
against its side, as the thickness of that half 
wedge is to its perpendicular height, because the 
block will be driven off peipendicularly to the 
side of the bar A B. Therefore the power to 
drive both the half wedges is to both the resist* 
ances, as both the half backs is to the perpendi- 



^ If two bodies are forced from one another bj means of 
a wedge, and in a direction parallel to its back, the power 
will be to the resistance as half the back or head of the 
wedge is to its length. Btt if one of the bodies only is 
moveable! while the other from which it is separated re-> 
tains its place, the power will be to the resistance as the 
back IS to the length of the wedge. The controversiea 
about the power of the wedge would never have been 
agitated) had this simple distinction been attended to.-*£ii. 



Of the Mechanical Powers, 

..^ .leight of each half wedge. And if the bar 
-:. jjkxiix away, the blocks put close together, 
uiii the two half wedges joined to make one ; it 
viU require as much force to drive it down be* 
:ween the blocks, as is equal to the sum of the 
separate powers acting upon the half wedges 
when the bar was between them* 
irix- To ccMifirm this by an experiment, let two 
qrUnders, 2S j^B and CD, be drawn toward 
one another by lines running over fixed pulleys, 
and a weight of 40 ounces hanging at the lines 
belonging to each cylinder ; and let a wedge of 
40 ounces weight, having its back just as thick 
as either of its sides is Icmg, be put between the 
cylinders, which will then act against each side 
with a resistance equal to 40 ounces, while its 
own weight endeavours to bring it down and 
separate them. And here, the power of the 
wedge's gravity impelling it downward, will be 
to the resistance of both the cylinders agaunst 
the wedge, as the thickness of the wedge is to 
double its perpendicular height ; for there will 
then be an equilibrium between the weight of 
the wedge and the resistance of the cylinders 
against it, and it will remain at any height be- 
tween them; requiring just as much power to 
push it upward as to pull it downward. If 
another wedge of equal weight and depth with 
this, and only half as thick, be put between the 
cylinders, it mil require twice as much weight 
to be hung at the ends of the lines which draw 
them together, to keep the wedge from going 
down between them : that is, a wedge of 40 
ounces, whose back is only equal to hsdf its per- 
pendicular height, will require 80 ounces to each 
cylinder, to keep it in an equilibrium between 
them i and twice 80 is 1 60, equal to four tinus 
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40. So that the power will be always to the re- ucn 
sistance, as the thickness of the back of the "'' 
wedge is to twice its perpendicular height, when ' 
the cylinders move off in a line at right angles to 
that perpendicular. 

The best way, though perhaps not the neat- 
est, that I know of, for making a wedge with 
its appurtenances for such experiments, is as 

follows: Let jfiT/Zr Af and XA/JVObe twoflatrig.jx. 
pieces of wood, each about fifteen inches long, 
and three or four in breadth, joined together by 
a hinge dX LM; and let Z' be a graduated arch 
of brass, on which the said pieces of wood may 
be opened to any angle, not more than 60 de- 
grees, and then fixed at the given angle by means 
of the two screws a and b* Then, IKN will 
represent the back of the wedge, L M its sharp 
edge which enters the wood, and the outsides of 
the pieces KJLM^nd LMNO the two sides 
of the wedge against which the wood acts in 
cleaving. By means of the said ardi, the wedge 
may be opened so as to adjust the thickness of 
its back in any proportion to the length of either 
of its sides, but not to exceed that length ; and 
any weight as p may be hung to the wedge upon 
the hook Af, which weight, together with the 
weight of the wedge itself, may be considered 
as tne impelling power ; which is all the same in 
the experiment, whether it be laid upon the 
back of the wedge to push it down, or hung to 
its edge to pull it down. Let j4 B and CD he 
two wooden cylinders, each about two inches 
thick, where they touch the outsides of the 
wedge; and let their ends be made like two 
round flat plates, to keep the wedge from slip- 
ping off edgewise from between them. Let ^ 
small cord, with a loop on one end of it, go 
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VLCT. over a pivot in the end of each cylinder, and the 
"^ cords S and T belonging to the cylinder ^B go 
over the fixed pulleys ^and Xy and be fastened 
at their other ends to the bar tv Xy on which any 
weight as Z may be hung at pleasyre. In like 
manner, let the cords Q and R belonging to the 
cylinder CD go over the fixed pulleys F' and U 
to the bar v u, on which a weight Y equal to Z 
may be hung. These weights by drawing the 
cylinders toward one another, may be consider- 
ea as the resistance of the wood acting equally 
against opposite sides of the wedge ; the cylin^ 
ders themselves beine suspended near, and pa- 
rallel to each other, by their pivots and loops on 
the lines Ey F, G, It; whiqh lines may be fix- 
ed to hooks in the ceiling of the room. The 
longer these lines are, the better; and they 
should never be less than four feet »ch. The 
farther also the pulleys F] t/, and JT, fV, are 
from the cylinders, the truer will the experi- 
ments be ; and they may turn upon pins fixed 
into the wall* 

In this machine, the weights Y and Z, and 
the weight />, may be varied at pleasure, so as 
to be adjusted in proportion of double the 
wedge's perpendicular height to the thickness 
of its back.; and when they are so adjusted, the 
wedge will be in equilibria with the resistance of 
the cylinders 

The wedge is a very great mechanical power, 
sipce not only wood but even rocks can be split 
by it ; which would be impossible to effect by 
the lever, wheel and axle, or pulley; for the force 
of the blow, or stroke, shakes the cohering parts, 
and thereby makes them separate more easily. 
The scrnv. ^* The sixth and last mechanical power is the 
screwy which cannot properly be called a simply 
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machine^ because it is never used \rithout the lect. 
application of a lever or winch^ to assist in turn* , "^' . 
ing it ; and then it becomes a compound engine 
pra very great force either in pressing the parts 
of bodies closer togetfaei*, or in raising great 
weights. It may be conceived' to be made by 
cttttmg a piece of paper ABCi (Fig. 12) < into rig. 12, i^. 
the form of an inclined plane or half \c^dge^ 
and then wrapping it round a cylinder A B 
(Fig. IS). And here it is evident, that the 
winch E much turn the cylinder once round be« 
fore the weight of resistance D can be moved 
from one spiral winding to another, as from dxo 
c ; therefore, as much as the circumference of a 
circle described by the handle of the winch, is 
greater than the interval or distance between 
the spirals, so much is the force of the screw. 
Thus, supposing the distance between the SfMrals 
to be half an inch, and the leagth of the winch 
to be twelve inches, the circle described by the 
handle of the winch where the power acts will 
be 76 inches nearly, or about 1 52 half inches, 
and consequently 152 times as great as the dis- 
tance between the spirals ; and therefore a power 
at the handle, whose intensity is equal to no 
more than a single pound, will balance 152 
pounds acting agamst the screw ; and as much 
additional force, as is sufEdent to overcome the 
friction, will raise the 152 pounds ; and the ve- 
locity of the power will be to the velocity of the 
weight, as 152 to 1. Hence it appears, that 
the longer the winch is, and the nearer the spirals 
are to one another, so much the greater is the 
force of the screw.* 



' A pew and very ingenious method of applying t^e 
icrew, 80 at to make it act' with the greatest accuracy, haa 

been 

roi. I F 
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LEcr. A machine for diewing the force or power of 
"^ the screw maj be tontrived in the following 
yj/ ^ manner :— Let the wheel C have a' screw a £ on 
its axle, workmg in the teeth of the wheel Z), 
which suppose to be 48 in number. It is plain, 
that for every time the whed C and screw a b 
are turned round by the winch A^ the wheel D 
will be moved one todth by the screw j and 
Aerefere, in 48 revolutions of the winch, the 
wheel D will be tinned once round. Then, if 
the qrcumference of a circle described by the 
handle of the winch A be equal to the circum- 
ference of a groove e round the whed D, the 
velocity of the nandle will be 48 times as great 
as the velocity of any given point in the groove^ 
Consequently if a line G goes round the groove 
^^ and has a weight of 48 pounds hung to it 
bdow the pedestal £ F, a power equad to one 
pound at the handle vdll balance and support 
the weight. — ^To prove this by experiment, let 
the circumferences of the grooved of the wheels 



been invented by Mr^ Hiftter^ sorgcon. ^The apparatus 
conuttt of two screws, one of which moves in the other^ 
and has a thread fewer in an inch than the male screw of 
the one in which it moves. If we suppose the one screw 
A to have 20 threads in an inch, and uie other B to have 
2t ; and if the screw ^ is so fixed that it can move for- 
wards without moving round | then one turn of ^ will 'make 
the screw B advance -rr X ^ or xrv ^^ an inch. Thus 
the compound screw produces an effect much superior to 
the common oat ; for the latter must have 420 threads in 
an inch before it could produce an effect equal to the 
former, which would weaken it to such a degree, that it 
would be unable to ttmi any considerable force. As it is 
-impossible in the ikort compass of a note to convey an ac- 
curate account of this excolent improvement, we must re- 
fer the reader to the 71*^ voL of the Philosophical Traca- 
actioDs, where it is dctcribed by the inventor.--*Kt>. 
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C and I) be .equ^ to one another ; and then lect^ 
if ja weight H of 6he pound be suspended by ^^; 
a Kne going round the gfroove of the wheel ^ 
Cj it wip baunce a weight of 48 pounds hang- 
ing by the line G ; and a small addition to the 
weight H will cause it to descend, and so raise 
up the other weight; 

If the line G, instead of going round the 
groove e of the wheel Dj goes round its axle 7, 
the power of the machine will be as 4nuch in- 
cireased as the circumference of the groove e 
exceeds the circumference of the axle ; which, 
supposing it to be six times, then one pound at 
H will balance 6 times 48, or 288 pounds hung 
to the line on the axle : and hence the power 
or advantage of this machine will be as 288 to 
1 ; that is to say, a man, wlio by his natural 
strength could lift a himdred weight, will be able 
to raise 288 hundred, or 14/^ ton weight by 
this engine. 

But the following engine is still nlore power- 
ful, on account of its having the addidon of 
four pulleys : and in it we may look upon all 
the mechanical powers as combined together^ 
even if we take in the baiancei For, as thePLATxVir^ 
isuile D of the bar ^ B enters its middle at C, it *^'«- '• 
is plain that if equal weighty are suspended upon 
any two pins equidistant from the axis C, they a combi- 
wiu counterpoise each othen It becomes a lever |^u',]^^^ 
by hanging a small weight P upon the pin n, chanicti 
and a weight as much heavier upon either of the p**^^*"* 
pins by c, c/, e, or^ as is in proporti^ to the 
pins being so much nearer the axis. The wheel 
2lnd axle JPG is evident; so is the screw if ^ 
which takes in the inclined plane, and with it 
the half wedge. Part of a cord goes round the 
ittlet the rest under the lower pulleys ^^ m^ 

F2 
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over the upper pulleys /;, w, and then it is tied 
to a hook at m in the lower or moveable block, 
on which^ the weight W hangs; 

In this machine, if the wheel F has 30 teeth, 
it will be turned once round in thirty revolu- 
tions of the bar j1 B^ which is .fixed on the axis 
D of the screw E ; if the length of the bar is 
equal to twice the diameter of the wheel,' the 
pins a and n at the ends of the bar will move 
60 times as fist as the teeth of the wheel do; 
and, consequently, one ounce at P will balance 
60 ounces hung upon a tooth at 9 in the hori- 
zontal diameter of the wheel. Then, if the 
diameter of the wheel F is ten times as great as 
the diameter of the axle G, the wheel will have 
10 times the velocity of the axle; and there- 
fore one ounce P at the end of the lever ^ C 
will balance 1 times 6b or 600 ounces hung to 
the rope H which goes round the axle. Lastly, 
if four pulleys be added, they will make the ve- 
locity of the lower block AT, and weight W^ four 
times less than the velocity of the axle : and this 
being the last power in the machine, which is 
four times as great as that gained by the axle, it 
makes the whole power of the machine 4 times 
600, or 2,400. So that a man who could lift 
one hundr^ weight in his arms by his natural 
strength, would be able to raise 2,400 times as 
much by this engine. But it is here as in all 
other mechanical cases ; for the time lost is al- 
ways as much as the power gained, because the 
velocity with which the power moves will ever 
exceed the velocity with which the weight rises, 
as much as the intensity of the weight exceeds 
the intensity of the power. 

The friction of the screw itself is very consi- 
derable ; and there are few compound engines 
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So 



but what, upon account of the friction of the lect. 
parts against one onother, will require a third "'• 
part more of power to work them when loaded, 
than what is sufficient to constitute a balance be- 
tween the weight and the power/ 

^ The following table of the relatiTc strength of mate- 
nals, founded upon the experiments of Muschenbroek, is 
subjoined for the use of the practical mechanic. It is of 
extensive utility in the arts, as appears from a specimen of 
its application in a note on the formation of conduit pipes^ 
Lecture V. 



Steel bar, soft, 139.5 

Iron bar, Swedish and 
Russian, - 97*7 

— ordinary, 79- 

cast, - 58*7 

Copper, Swedish, 43. 

fromAnglesea,39.5 

Hungarian, 36. 

from Barbary, 25*6 

Japanese, 22. 

4S.3 
25.6 
7-5 
4.4 
6. 
3. 
1. 



Silver, cast. 
Gold, cast. 
Tin, grain, 
■ block, 

' English block. 
Zinc, 

Lead, 



Lead 8 parts with 1 of 

zinc, - 5.3 

Beech, oak, - 20. 

Alder, - ' - j^. 

Elm* - - 15.3 

Willow or saugh, • 14.5 

Ash, . - 14. 

Plum, - - 13.7 

Elder, . - li.(> 

Fir, . - Q.y 

Walnut, - Q.5 

Cedar, - - 5.7 

Ivory, - - IS.9 

Bone, - - 6.1 

Horn, - 10.2 

Whalebone, - 8.7 



The tenacity of any metallic compound is generally 
much greater than that of the simple metals of which it is 
formed. — Ed. 
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LECTURE IV. 



OF MILLS, CRANES, WHEEL-CARRIAGES, AND 
THE ENGINE FOR DRIVING PILES. 



LBCT. As these engines are so universally useful, it 
would be needless to make anv apolofi:v for de- 




scribing them. 

PtATtVii, In a common breast milU where the fell of 
■ *• *• water mav be about ten feet, AAh the great 

iwrjieel, wnich is generally a^out 17 or 18 feet in 



A 



■■■■ 



' Water mills are divided intp breast mills f tmdersiot mUlst 
and ovarsbot nulls. In breast mills* the water foils at 
rfght angles upon float-boards, or buckets, placed ba 
the circumference of the wheel. If float-boards are 
iisedi the water acts by its impulse; but* if buckets 
pe employed, both the weight and impulse of the water 
are cdncerned in turning the wheel. ' In undershot mUts^ 
float-boards only are employed ; and the motion of the 
yrheel is affected merely by the force of the stream, which 
(jjtrikes the boards below the wheel's centre, and generally 
in a horizontal direc^on. In oversiat mUls^ buckets only 
are used, and the wheel is turned chiefly by th£ weight pf 
f he water which is poured oyer its top into the buckets^ 
An undershot miO requires the greatest quantity of water ; 
and an overshot null the least. It has long been disputed 
^imong nxechanical philosophers, whether overshot or un- 
dershot 
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diameter^ reckonied from the outermost edg^ of U£cr« 
any float«bo<rvl pt a to that of its oppodte float . '^ * 
at h. T6 this wheel the water is convey^ ^ 
through a channel, and» by £ming upcm th^ 
wheels turns it round, 

On .the axis BJidH t}us wheel, and within the 
miil'hotiae, is a wheel JD, about 8 or 9 feet dia^ 
meter, having 61 cogs,* which turn a trundle £j 
containing ten upright staves or rounds;^ and 
when thfi»e are the number of cogs and rounds, 
the trundle will make 6~^ revolutions for one 
revolution of the wheeL 

The truAdle is fixed upon a sQ^qg IP09 axis 
c^ed the spindly, the lower end of which turns. 



4ershot mil}i produce the greateit effect. M. Belidor 
{ArclnUcimt HydrtmB^) maintained, that undenhot mills, 
were greatly superior to the other kind ; while Dr. Des« 
aguliers held a contnny opinion. It appears, however, 
from the accurate experiments of Mr. Smeatoo, that va 
undershot mills the power is to the effect as 3 to 1, and 14 
qvershot mills as 3 to 3» or rather as 5 tq 4. A particu- 
lar account of these, and other kinds of water millsy with 
practical rules for the construction of their different parts, 
will be found in the Appendix, voL ii.— Ed. 

* The wooden teeth of a large wheel are denominated. 
ro//«— Ed* 

' When a lar^e wheel gives motion to a smaller onci the 
name of the smaU wheel varies with its shape When the 
small wheel is solid and oblong, and its teeth longer than 
their distance from the axis, it is called a fmon^ and its. 
teeth are named Uava. When the small wheel is shaped 
like £, Fip. 2, Plate VII, or like H, vol. ii, Plate I, Sup- 
plement, it is called a trmuik, sometimes a ianterrtf and 
sometimes a drum / and the cylindrical bars of trunks 
similar to S are caUed lUnes or ntmdi. In a combination 
of wheels, tl^at which is acted upon by the power, or by 
some other whed^ is called a ksders and the other wheel 
on the same axis .is called tfittower. When there is only 
oae'yrheel on the axis, and when this wheel drives anqther^^ 
It acts both as a kader tmd a fdlower.^^o* 
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lEcr. fti 2 brasft foot, fbted at P^^ m the faorisontai 
^ beam i$ 7 tailed the hrkfee-tfetf ; arid the upper 
p«t of the spindle turns m a wooden bush fixed 
into the netber nlill^one which lies upon beams 
in the floor Y Y. The top part of the spindle 
above the bush is square; and- goes into a -square 
hole in a strong iron csoss a btd^ (see Fig. d), 
called tj^e rynd $ under which, ^iskt close to the 
bush, is a round piece of thick leather ^pon die 
spindle, which it't^s round at the ssune time 
as it does the rynd. 

The rynd is let into grooves in the under sur-* 
face of the running mfllstene G, (f%« 2), and 
ao turns it round in th^ ssime tame that the 
trundle E is turned round by the cog-wheel D/ 
This millstone has a large hole qmte through 
its middle, called the eye of the stone, through 
which the middle, part of the rynd and upper 
end of the spind}e may be seeii^ while the tour 
ends of the rynd lie hid below the stone in their 
grooves. 

The end T of the bridge-tree TS, (which 
supports the upper millstone G upon the spin- 
dle), is fixed into a hole in the wall ; and the end 
5 is let into a beam QR called the borayer, whose 
end R remains fixed in a mortise ; and its other 
end Q hangs by a strong iron rod P which goes 
through the floor Y F, "and has a screw-nut on 
its top at ; by the tumine of wluch nut, the 
end Q of the orayer is raised or depressed at 



* The extremities of an axle or spindle, such as F and 
^> Fig* % Plate VII, arc call/^ gudgetmi when the wheels 
are large, ^nd /y'vof/ in small peces of machinery. — Ed. 

' A considerable quantity of friction might be removed 
by making the staves or rounds of the trundle Ey move on 
spindles of iron or brass, fited in the end boards.— >E d. 
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pleasure ; and^ consequently, the bridge-iree TS lect. 
and upper millstone. By this means, the upper ^' 
millstone may be set as dose to the under .one, 
or raised as high from it, as the miller pleases. 
The nearer the millstones are to one another, the 
finer they grind the com, and th^ more remote 
from one another, the coarser. 

llie upper millstone G is inclosed in a round 
box Jff^ which does not touch it anywhere ; and 
is about an inch distant from its edge all around* 
On the top of this box stands a fiame for hold- 
ing the hopper k h^ to which is hung the shoe / 
by two lines fastened to the hindpart of it, fixed 
upon hooks in the hopper, and by one end of 
the crook-string K fastened to the fore part of 
it at t ; the other 9id beme twisted round the 
pin L. As tbepin is turned oneway, the string 
draws up the shoe closer to the hopper, and so 
lessens the aperture between them ; and, as the 
pin is turned the other way, it lets down the 
shoe, and enlarges the aperture. 

If the shoe be drawn up quite to the hopper, 
no com can fall from the hopper into the mill ; 
if it be let a little down, some will fall ; and the 
quantity will be more or less, according as the 
shoe is more or less let down. For the hopper 
is open at bottom, and there is a hde in the 
bottom of the shoe, not directly under the bot- 
tom of the hopper, but forwarder toward the 
end i, over the middle of the eye of the mill- 
stone. 

There is a square hole in the top of the spuv Fi^.3« 
die, in which is put the feeder e : this feeder (as 
the spindle turns roimd) jogs the shoe three times 
in each revolution, and so causes the com to run 
constantly down from the hopper through the 
shoe, into the eye of the millstcme, where it falls 
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upon the top of the rynd^ and is, by the motioa 
of the rynd, and the leather under it, thrown 
below die upper stone, and ground between it 
and the lower one. The violent motion of the 
stone creates a caitrifugal force in the com ro^ 
ing round with it, by which means it gets nir* 
ther and farther from the centre, as in a spiral, 
in every revolution, imtil it be thrown quite out ; 
and, being then c;round, it fails through a spout 
JIf, called the mm*eye, into the trough N. 

When the mill is fed too fast, the com beazs 
up the stone, and is ground too coarse ; and be- 
sides, it clogs the mill sp as to make it go toa 
slaw. When the mill is too slowly fed, it goesi 
too fast, and the stones, by their attrkion, are 
apt to strike fire against one another. Both 
which inconveniencies are avoided by turning 
the pin L backwaid or forward, which draws up 
or lets down the shoe ; and so r^ulates the feed<< 
ing as the miller sees convenient. 

The heavier the running millstone is, and the 
greater the quantity of water that falls upon the 
wheel, so much the faster will the mill bear ta 
be fed ; and, consequently, so much the more 
it will grind : and, on the contrary, the lighter 
the stone, and the less the quandty of water, 
so much slower must the feeding be. But when 
the stone is considerably wore, and become 
Ught, the mill must be fed slowly at any rate ; 
otherwise the stone will be too much borne up 
by the com under it, which will make the meal 
coarse. 

The quandty of power required to tum a 
heavy millstone is but very little more than wha;^ 
is sufficient to tum a light one : for as it is sup*, 
ported upon the spindle by the bridge-tree S T, 
knd the end of the spindle thiit tums 19 tb^ brass., 




^ 
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foot therein bang but small, the odds arising lecf. 

from the weight is but very inconsiderable in its ^ |^ 

action against the power or force of the water : 
and, besides, a heavy stone has the same advan* 
tage as a heavy fly ; namely, that it regulates the 
motion much oetter than a light one. 

In order to cut and grind the com, bo^ the 
upper and imder millstones have channels or 
furrows cut into them, proceeding obliquely 
from the centre toward die circumference ; and 
these furrows are cut ^ perpendicularly on one 
ade, and obliquely on the other, into the stone, 
which gives each furrow a shaip edge, and iti 
the two stones they come, as it were, against 
one another like the edges of a pair of sdssars \ 
and sp cut the com, to make it grind the easier 
when it falls upon the places between the fur- 
rowsr These are cut the same way in both stones 
when they lie upon their backs, which makes 
them run cross ways to each other when the 
upper stone is inverted by tmming its furrowed 
surface toward that of the lower. For, if the 
furrows of both stones lay the same way, a 
great deal of the com would be driven onward 
in the lower furrows, and so cpme out from be« 
tween the stones without being either cut or 
bruised. 

When the furrows become blunt and shallow 
by wearing, the running stone must be ta^en 
up, and both 'stones new dressed with a chisel 
and hammer ; and every time the stone Is taken 
up, there must be some tallow put round di9 
spindle upon the bush, which will ^oon be melt- 
ed by the heat the spindle acquires from its turn- 
ing and rubbing a^inst the bush, and so will 
get in between them, otherwise the bush would 
t^ke fire in a very little time. 

The bush must embrace the spindle quite 
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iGT. close, to pi^vent any shake in the motion, which 

^'^ ^ ^xrould make some parts of the stones grate and 

fire against each other, while other parts of them 
would be too far asunder, and by that means 
spoil the meal in grinding. 

Whenever the spindle wears the bush so as 
to begm to shake in it, the stone must be taken 
up, and a chisel drove into several parts of the 
bush ; and when it is taken out, wooden wedges 
must be driven into the holes ; by which means 
the bush will be made* to embrace the spindle 
close all around it again. In doing this, great 
care must be taken to drive equal wedges into 
the bush on opposite sides of the spindle, other- 
wise it will be thrown out of the perpendicular, 
and so hinder the upper stone from being set 
parallel to the under one, which is absolutely 
necessary for making good work. When any 
accident of ttiis kind happens, the perpendicular 
position of the spindle must be restored by ad- 
justing the bridge-tree 5 T by proper wedges 
put between it and the brayer Q R. 

It often happens that the rynd is a little 
wtenched in bymg down the upper stone upon 
it, or is made to sink a little lower upon one 
side of the spindle than on the other ; and this 
will cause one edge of the upper stone to drag 
all around upon the other, while the opposite 
edge will not touch. But this is easily set to 
rights, by raising the stone a little with a lever, 
and puttmg bits of paper, cards, or thin chips, 
between the rynd and the stone. 

The diameter of the upper stone is generally 
about six feet, the lower stone about an inch 
more; and the upper stone, when new, con- 
tains about 2^\ cubic feet, which weighs some- 
what more than 19,000 pounds. A stone of 
this diameter ought never to go more than 60 
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times round in a minute ; for; if it turns fester^ LfecTi 
it will heat the meal. *^- 

The grinding surface of the under ^one is a 
little convex from the edge to the centre, and 
that of the upper stone a little more concave : 
so that they are fiarthest from one another in the 
middle, and come gradually nearer toward the 
edges. By this means, the com at its first en- 
trance between the stones is only bruised ; but 
as it goes farther on toward the circumference 
or edge, it is cut smaller and smaller ; but at 
last finely ground just before it comes out from 
between them.^ 

The water wheel must not be too large ; for, 
if it be, its motion will be too slow, nor too 
little, for then it will want power. And for 
a mill to be in perftction, the floats of the wheel 
ought to move with a third part of the velocity 
of the water, and the stone to turn round once 
in a second of time.^ 



^ The upper milktone when six feet in diameter^ is ge- 
nerally hollowed about one inch at. the centre; and the 
under one rises about three fourths of an inch. The com 
that falls from the hopper insinuates itself between them 
as £ir as two thirds of the radius where the grindiog be* 
gins ; the distance between the stones being there about 
two thirds or throe fourths of the thickness of a 'grain of 
com. This distance, howevef, can be altered at pleasure, 
by raising or sinking the upper stone*'— £d* 

"^ According to Mr. Inukoni the millstone should turn 
iwue round in a second of time, and should only be /our 
fcii MJa half in diameUr. The reader may imagine, from 
what our author has said iu the preceding pages, that the 
meal will be very much heated by such a rapid niotion as 
Mr. Imison recommends ; but the e&ct is, in some mea* 
sure, counteratted by diminishing the size of the mill|ttone 
from six feet to four and a balf\ for the velocity of the 
circumference of the small millstone moving twice round in 

a second. 
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In brder to construct a mill in tius perfect 
manner, observe the following rules ! — . . 

1. Measure die perpendicular height of the 
hSl of water, in feet, ai)ove thjit part of th« 
wheel on, which the water begins to act \ and 
cdl that the haght of the iall; 

2. Multiply this constant nun^ber 64,2882 by 
the height of th^ fajil in feet, and the sqifare root 
of the product shall be the velocity of the ^er 
at Ae bottom of the fall, or the num^ of feet 
that the winter there moves per second*. 

. 3i Divide the velocity of the water by 8, and 
the quotient shall be the velocity of . me float- 
boards of tb^ whed, or the number pf feet they 
must each go through in a s^ond^ when the 
iSrater acts upon.then[it so as to have tht greatest 
power to turn the milL* . , . 

4. Dividb the drcumference of tlM wheel iii 
feet,, by the veloct^ of its floats in feet per s^ 
condj ami the quotient shall be the n^ber of 
seconds in which the wheel turns ixmnd. 

5. By this last number of seconds divide 60 i 



a iecfofui, is &nlf mu tbirJgrtziet thMA the vdoctty of the 
hrge niiUlitane moving onee rottnd in a tecond^ The rdo- 
ctty, however^ ii^gned by Mr* Imiton, is evidently toot> 
gTe&t««»£D« 

* Our author and Mr, Imiiofn, along with Dctwilierc 
and Maclaurin» have adopted the detcnnination of nrent, 
respecting the proportion between the velocity of the water 
and that of the whecL It appears, howcter, from Mr. 
Smcaton's experiments, that thu proportion varies betweest 
onristiri/andofffifrii^ but nearer to one half than one third. 
On this iccountf Mr; Smeaton advises* that the velocity of 
the wheels should be to that of the water as 2 to 5. See 



Appendiii v6L ii, where this subject is fully discussed^ 



V 



' BoecUenut a German writer on mechanics^ makes the 
diameter of the great wheel 48 feet, and the number of 
float boards 86» when the force of the water is great ; 
the diameter of the second wheel 18 feet» with ISO teeth» 
and the number of staves in the third wheel 60. Casatus^ 
(Mechan. lib. 8f p. ^^OV^ observes, that the diameter of 
Uie water wheeb in mms on the Po was conunonly 10 
cubits, the diameter of the second wheel 5i cubitSt with 
lOS teeth | the nunber of spindles in the tmndle 9 % the 
thickness of the miustone 6 or 7 inches, and its diameter 
2t cubits. Fbruuu makes the diameter of the great wheel 
18 feet, when the fall of water is 4 or 5 feet | the number 
of float-boards 30 or 36; the breadth of one of the float« 
boards 12 or 14 digits, and its height one foot ; the tectk 
of the second wheel 72 ; and the number of staves in the 
trundle 6» 8» or 9. H^^lfiiUy (Opera Mathemau torn. 1» p. 
^fgo}» observes, that the diameter of the large wheels, m 
most of the double orershot mills near Hall did not exceed 
16 feet. In South Wales there is an overshot«water wheel 
?bovc fifty feet in diamrtcr. According to Belidor, the 

diameter 
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and the quotient shall be the number of turns of usqr. 
the wheel in a minute^ ^• 

6. Divide 60 (the nundb^r of revolutioiis the 
millstone ought to have in a minute) by the 
number of turns of the wheel in a minute, and 
the quotient shall be the number of tiutes the 
millstone ought to have for one turn of the 
wheeL 

7. Then, as the number of turns of the wheel 
in a minute is to the number of turns of the null- 
stone in a minute, so must the number of staves! 
in the trundle be to the number of cogs in the 
wheel, in the nearest whole numbers that can be 
found. 

By these rules I have calculated the follow- 
ing table to a water-wheel, 18 feet diameter, 
which I apprehend may be a good size in gen- 
eral.^ 
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To constmct a mill by this tabfe, ftail the 
height of the fall of water in the ftfst colunm^ 
and against that height, in the siieth cdlumn, 
you have the nuitiber of cogs in the wheel, and 
staves in the trundle, for causm^ the milktone 
to make about 60 revolutions in a minute, as 
near as possible, when the wheel' goe& with a 
third part of the velocity of the water, and it 
appears by the sevendi column, that the num- 
ber of cogs in the whed, and staves in the 
trundle, are so near the truth for the required 
purpose, that the least number of revolutions 
of the millstone in a minute is between 59 and 
60, and the greatest number never amounts to 
61/ 



diameter of the millstones should be from 5 to 7 feet, and 
their thickness 12> ISy or 18 inches. On all these points 
the practical mechanic will find ample information in the 
Appendix.— £o. 

' In the appendix^ we have given a new mill-wright^t 
table, different from the following, and have explained the 
principles upon which it is constructed.— £o» 



OffVater-MUls, 



THB UILL-WRIOHT 8 TABLE. 
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60.14 


4 
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6.34 
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6.55 
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Such a mill as this, with a fell of water about 
7t feet, will require about 32 hogsheads every 
minute to turn the wheel with a third part of 
the velocity with which the water fells ; and to 
overcome the resistance arising from the fric* 
tion of the geers, and attrition of th^ stones in 
grinding the com. 

The greater fell the water has, the less quan- 
tity of it will serve to turn the mill. The wa- 
ter is kept up in the mill-dam,, and let out by 
a sluice called the penstock, when the mill is to 
go. When the penstock is drawn up by means 
of a lever, it opens a passage through which 
the water flows to the wheel \ and when the mill 
is to be stopt, the penstock is let down, which 
stops the water from felling upon the wheel. 

A less quantity of water will turn an over- 
shot-mill (where the wheel has buckets instead 
of float-boards) than a breast-mill, where the 
fell of the water seldom exceeds half the height 
Ab oi the wheel : so that, where there is but a 
small quantity of water, and a fell great enough 
for the wheel to lie under it, the bucket or over- 
shot wheel is always used. But where there is a 
large body of water, with a little fell, the breast 
or float-board wheel must take place. Where 
the water runs only upon a little declivity, it can 
act but slowly upon the under part of the wheel 
at £ ; in which case, the motion of the wheel 
will be very slow : and therefore, the floats 
ought to be very long, though not high, that a 
large body of water may act upon them ; so that 
what is wanting in velocity may be made up in 
power; and then the cog-wheel may have a 
greater number of cogs in proportbn to the 
rounds in the trundle, in order to give the mill- 
stone a sufficient degree of velocity. 
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They Tvho have read what is said in the first Litr. 
lecture, concerning the acceleration of bodies ^^ '^' 
fiUIing freely by the power of gravity acting 
constantly and uniformly ujpon them^ may per- 
haps ask, why diould the motion of the wheel 
be equable, and not accelerated, seeing the wa- 
ter acts constantly and uniformly upon it ? The 
plain answer is, that the veloaty of the wheel 
can never be so great as the veloaty of the wa-> 
ter that turns it; for if it should become so 
neat, the power of the water would be quite 
lost upon the wheel, and then there would be 
no proper force to overcome the friction of the 
geers and attrition of the stones^ Therefore^ 
the velocity with which the wheel begins to move, 
will increase no longer than till its momentum or 
force k balanced by the resistance of the work- 
ing parts of the mill : and dien the v^eel will 
go on with an equable motion** 

[If the coK-wheel D be made about 18 inches a/«'^- 
diameter, with SO cogs, the trundle as 6mall in* '* 
proportion, with 10 staves, and the millstcmes 
be each about two feet in diameta*, and the 
whole work be put into a strong frame of wood, 

* Our author's ciplanation of this remarkable fiict^ vi^. 
that the best constructed machines acquire in a short time 
an uniform motion, is far from being satisfiictory. The 
question, indeed* is extremely difiBcult ; and from our im- 
perfect knowledge of the nature of frictioui it does not 
admit of a scientific explanation. When a pendulum 
clock is stripped of its pallets^ and allowed to run dowit^ 
it acquires an uniform motion in a Tcry short time, thougk 
there is little friction, and though the moving power act^ 
with the greatest uniformity. l>r. Robison observes, thdr 
the * uniform motion of machines arises from a diminution 

* of the impelling power by an increase of velocity; but that 
^ there is something yet vmexplained in ihe nature of fric- 

* tion, which takes away some of the acceleration.^'— £•«* 

6S 
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as represented in the figure, the engine will be 
a hand-mill for grinding com or malt in private 
families : and then, it may be turned by a winch 
instead of the wheel A ji ; the millstone making 
three revolutions for every one of the winch. 
If a heavy flv be put upon the axle By near the 
winch, it will help to regulate the motion.] ' 

If the cogs of the wheel and rounds of the 
trundle could be put in as exactly as. the teeth 
are cut in the wh^ls and pinions of a clock, 
then the trundle might divide the wheel exactly; 
that is to say, the trundle might make a given 
number of revolutions for one of the v^eel, 
without a fraction. But as any exact number is 
not necessary in mill-work, and the cogs and 
rounds cannot be set in so truly as to make all 
the intervals between them equal, a skilful mill- 
wright will always give the wheel what he calls 
a hunting cog ; that is, one more than what will 
answer to an exact division of the wheel by the 
trundle. And then, as every cog comes to the 
trundle, it will take the next staff or round, be- 
hind the one which it took in the former revolu- 



' If the fly be put upon the axle B9 its velocity will 
not be sufficient to make it of any use as a regulator. In 
an ingenious hand-mill» invented by Mr. Lloyd, this de- 
fect 18 remedied by fixing a hollow circular fly upon the 
upper millstonC) with iron straps. Its diameter is two 
feety the breadth of its rim three inches and a half, and 
its depth five inches. It is divided into six cavities^ into 
which a quantity of lead shot is put to bring it to a proper 
weight. For this invention Mr. Lloyd was rewarded with 
fifty pounds. A drawing and description of it may be seen 
in Bailey s Designs of Machines* approved and adiopted by 
the >^ociety of Arts, voLi, p. 176; and vol ii, p. 44. In 
some hand-mills the millstone moves in a vertical direc- 
tion, like a common grindstone, without either a cog- 
wheel or trundle.— >£»« 
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tion ; and by that means will wear all the parts lect. 
of the cogs and rounds which work upon one ^^* 
another equally, and to equal distances from" one ' 
another in a little time ^ and so make a true uni- 
form motion throughout the whole work. Thus, Fig. 4. 
in the above water-mill, the trundle has 10 
staves, and the wheel 61 cogs. 

Sometimes, where there is a sufEcient quan- 
tity of water, the cog-wheel A A turns a large 
trundle B Bj on whose axis C is fixed the hori- 
zontal wheel Z), with cogs all around its edge, 
turning two trundles E and F at the same time ; 
whose axes or spindles G and H turn two mill- 
stones / and K^ upon the fixed stones L and M.' 
And when there is not work for them both, 
either may be made to lie quiet, by taking out 
one of the staves of its trundle, and turning the 
vacant place toward the cog-wheel D: and 
there may be a wheel fixed on the upper end of 
the great upright axle C for turning a couple of ' 
boulting-mills, and other work for drawing up 
the sacks, fanning and cleaning the com, sharp- 
ening of tools, &c. 

If, instead of the cog-wheel -^-^ and. trundle a *or/e- 
B By horizontal levers be fixed into the axle C, "*''• 
below the wheel /), then horses may be put to 
the^e levers for turning the mill ; which is often 
done where water cannot be had for that pur-, 
pose. 

The working parts of a wind-mill differ very a wMtf. 
little from those of a water-mill } only the form.**^' 
er is turned by the action of the wind upon 
four sails, every one of which ought (as is gen- 
erally believed) to maHe an angle <rf 64^ de- 
grees, with a plane perpendicular to the axis od- 
which the arms are fixed for carrying of them. 
}t being demonstrable, that when the sjiils are 
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ZMCT. set to such an angle, and the axis turned enii- 
j^* wise toward the wind, the wind has the greatest 
"''"*^ power upon (he sail$. But this angle answers 
only to the case of a vane or sail just beginning 
to move :^ for^ when the vane has a certain de- 
gree of moAonj it yields to the >nnd ; and then 
that angle must be increase4 to give the wind its 
full effect. 

Again, the increase of this angle should be 
difierent, according to the different velocities 
from the axis to the extremity of the vane. At 
the axis it should be 544- degrees, and thenco 
continually decreasing, givmg the vane a twist, 
and 8o causing all the ribs of the vane to lie in 
different planes. 

Lastly, these ribs ought to decrease in length 
from the axis to the extremity, giving the vane 
a curvjUneal form ; so that no part ox the force 
of any one rib be spent upon the restj but al{ 
move on independent of each other. All this 
is required to give the sails of a wind'-miU their 
true form ; and we see both the twist and the 
diminution of the ribs exemplified ^l the wings 

of bird3« 

It is almost incredible to think with what 
velocity the tips of the sails move when acted 
upon by a moderate gale of wind. I have se^ 
veral times counted the number of revolutions 
made by the sails in ten or fifteen minutes ; and 
from the length of the arms from tip to tip^ 
have ppmputed that if a hoop of that diameter 
'was to run upon the groimd with the same ve* 
lodcy that it would move with if put upon the 
sail*ar^s, it would go upwards of S3 miles in 
an hops. 

«— — I ■ - ' ■■■■■! — *— Bpia^—i^ 

^ See Maclaurio's Fluxions^ near the enct 

. - I • • • 
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As the €nd8 of the saik nearest the axis can- lect. 
not move with the same velocity that the tips or ^' 
farthest ends do, although the wind acts equally 
strong upon them, perhaps a better position 
than that of stretching them along the arms 
directly firom the xrentre of motion, might be to 
have them set perpendicularly across the farther 
ends of the arms, and there adjusted lengthwise 
to the proper angle. For, in that case, both 
ends of the sails would move with the same ve- 
locity ; and being farther from the centre of mo« 
tion, they would have so much the more power: 
and then there would be no occa^n for having 
them so large as they are generally made ; which 
would render them lighter, and consequently 
there would be so much the less friction on 
the thick neck of the axle where it turns in the 
walL^ 

A (^rane is an endne by which great weights a erane. 
are raised to certain heights, or let down to cer- 
tain depths. It consists of wheels, axles, pul- 
leys, ropes, and a gib or gibbet. When theP^-^TK 
rope H is hooked to the weight Kj a man turns Xl^,\, 
the winch ^, on the axis whereof is the trundle 
jB, which turns th^ wheel C, on whose axis D 
is the trundle E^ which turns the wheel F with 
its upright a^ G, on which the great rope HH 
winds as the wheel turns ; and going over a 
pulley / at the end of the arm d of the gib c c 
d e, it draws up the heavy weight K ; which, 
being raised to a proper height, as from a ship 
to the quay, is then brought over the quay by 
pulling the wheel Z round by the handles z, z, 

^ See Appendix^ vol. ii» for a description of an improved 
wind*milli and a particular account of the form and po« 
sition of wind-mill sails. The subject of horizontal wind- 
inilla is ako treated at considerable length.— £d. 





104 Of Cranes^, 

■ 

which turns the gib by means of the half wheel 
b fixed to the gib-po$t c Cj and the strong {»nion 
a fixed on the axis of the wheel Z. This wheel 
gives the man that turns it an absolute com- 
mand over the gib, so as to prevent it from 
taking any unlucky swing, such as often hap- 
pens when it is only guided by a rope tied to its 
arm d ; and people are frequently hurt, some- 
times killed, by such accidents. 

The great rope goes between two upright 
rollers i and A, which turn upon gudgeons in 
the fixed beams^and g ; and as the gib is turn- 
ed toward either side, the rope bends upon the 
roller next that side. Were it not for these 
rollers, the gib would be quite unmanag^le ; 
for the moment it were turned ever so little to- 
ward any side, the weight K would begin to 
descend, because the rope would be shortened 
between the pulley / and axis G ; and so the 
gib would be pulled violently to that side, and 
either be broke to pieces, or break every thing 
that came in its way. These rollers must be 
placed so, that the sides of them, round which 
the rope bends, may keep the middle^ of the 
bended part directly even with the centre of the 
hole in which the upper gudgeon ' of the gib 
turns in the beam /. The truer these rollers 
are placed, the easier the gib is maiiaged, and 
the less apt to swing either way by the force of 
the weight AT. 

A ratchet wheel Q is fixed upon the axis Z),' 
near the trundle E; and into this wheel the 
catch or click R falls. This hinders the ma- 
chinery from running back by the weight of 
the burthen K^ if the man who raises it shoulc^ 
happen to be careless, and so leave off work^ 
ing at the winch ui sooner than he ought to do, 

4 
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When the weight K is raised to its proper lect. 
haght fix)m the ship, and brought over the quay ^' 
by turning the gib about, it is let down gently 
upon the quay, or into a cait standing thereon, 
in the following manner : — ^A man takes hold of 
the rope l< (which goes over the pulley v, and 
is tied to a hook at <$ in the catch jR), and so 
disengages the catch from the ratchet-wheel Q ; 
and then the man at the winch A turns it back- 
ward, and lets down the weight K. But if the 
weight pulls too hard against this man, another 
lays hold of the stick ^, and by pulling it down- 
ward, draws the gripe U close to the wheel Y^ 
which, by rubbing hard against the gripe, hind- 
ers the too quick descent of the weight ; and 
not only so, but even stops it at any time, if re- 
quired. By this means, heavy goods may be 
either raised or let down at pleasure, without 
any danger of hurting the men who work the 
engine. 

When part of the goods are craned up, and 
the rope is to be let down for more, the catch 
R is. first disengaged from the ratchet-wheel Q, 
by pulling the cord t ; then the handle q is 
turned half round backward, which by the crank 
n n in the piece o, pulls down the frame h be- 
tween the guides m and m (in which it slides in 
a groove), and so disengages the trundle B from 
the wheel C- and then, the heavy hook /5 at 
the end of the rope H descends by its own 
weight, and turns back the great wheel F vrith 
its trundle £, and the wheel C; and this last 
wheel acts like a fly against the wheel F and 
hook iS, and so hinders it from going down too 
quick ; while the weight X keeps up the gripe 
U from rubbing against the wheel F, by means 
of a cord going from the weight, over the pul« 
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ULCt. ley 21^ to the hook H^ in the gripe ; so that the 
^^ gripe never touches the wheels unless it be pulled 
down by the handle V. 

When the crane is to be set at work again^ 
for drawing up another burthen, the handle q 
IS turned naif round forward } which by the 
crank nn^ raises up the frame A, and causes the 
trundle jB to lay hold of the wheel C ; and then, 
bj turning the winch ji^ the burthen of goods 
A is drawn up as before* 

The crank nn turns pretty stiff m the mor- 
tise near Oj and stops against the farther end of 
it when it has got just a little beyond the par<» 
pendicular ; so that it can never ccxne back of 
Itself: and therefore the trundle B can nev^ 
come away from the wheel C, until the handle 
^ be turned half round backward. 

The great rope runs upon rollers m the lever 
L Mj which keeps it from balding between the 
axle at G and the pulley L This lever turns 
upon the axis iV, by means of the weight Oy 
which is just sufficient to keep its end L up to 
the rope ; so that, as the great axle turns,, and 
the rope coils round it, the lever rises with the 
rope, and prevents the coilings from going over 
one another. 

The powar of this crane may be estimated 
thus :-— suppose the trundle B to have 1 3 staves 
or rounds, and the wheel C to have 78 spur 
cogs ; the trundle E to have 14 staves, and the 
wheel J^ 56 cogs» Then, by multiplying the 
staves of the trundles, 13 and 14, into one an* 
other, their product will be 1 82 : and by mul* 
tiplying the cogs of the wheels, 7 8 and 56, into 
one another, meir product vdll be 4,368, and 
dividing 4,368 by 182, the quotient will be 24 ; 
which shews that the winch A makes 24 turns 
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for one turn of the ^heel T and its axle G, on ucr, 
which the great rope or chain H IH winds. So ^* 
that, if the length or radins of the winch A were* ' 
only equal to half the diameter of the great axle • 
Gy added to half the thickness of the rope //» 
the power of the crane would be as 24 to 1 ; 
but the radius of the winch being double the 
above length, it doubles the said power, and so 
makes it as 48 to 1 ; in which case, a man may 
raise 48 times as much wdght by this engine as 
he could do by his natural strength without it, 
making proper allowance for the friction of the 
working parts. — ^Two men may work at once, 
by having another winch on the opposite end of 
t^e axis of the trundle under B ; and this will 
make the power double. 

If this power be thought greater than what 
may be generally wanted, the wheels may be 
inade with fewer cogs in proportion to the staves 
ifi the trundles; and so the power may be of 
whatever degree is judged to be requisite. But^ 
if the weight be so great as will require yet more 
power to raise it, suppose a double quantity, 
then the rope H may be put under a moveable 
pulley, as S, and the end of it tied to a hook in 
the gib at e ; which will give a double power to 
the machine, and so raise a double weight hook- 
ed to the block of the moveable pulley. 

When only small burthens are to be raised, 
this may be quickly done by men pushing the 
axle G round by the long spokes y^y^y^yy 
having first disengaged the trundle B from die 
wheel C ; and then, this wheel will only act as a 
0y upon the wheel F; and the catch R will pre* 
vent its nmning back, if the men should inad- 
vertently leave off pushing, before the 'burthen be 
imhooked from /S. 
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Lastly, when very heavy burthens are to be 
raised, which might endanger the breaking of 
the cogs in the wheel F; their force against 
these cogs may be much abated by men pushing 
round the long spok& y,y, y, y, while the man 
at j4 turns the wmch. 

I have only shewn the working parts of this 
crane, without the whole of the beams which 
support them ; knowmg that these are easily 
supposed, and that, if they had been drawn^ 
they would have hid a great deal of the work- 
ing parts from si?ht, and also confused the 
figure. 
Another Another very good crane is made in the fol- 
^^^ lowmg manner. — jiji is a great wheel, turned 
by men walkmg within it at H. On the part 
Cj of its axle JB C, the great rope D is wound as 
the wheel turns ; and this rope draws up goods 
in the same way as the rope ff H does in the 
above-mentioned crane, the gib-work here being 
supposed to be of the same sort. But these 
cranes are very dangerous to the men in the 
wheel ; for, if any of the m^n should chance to 
fall, the burthen will make the wheej run back, 
and throw them all about within \t ; which often 
breaks their limbs, and sometimes kills them. 
The late ingenious Mr. Padmore of Bristol, 
(whose contrivance the fore-mentioned crane is, 
80 far as I can remember its construction, after 
seeing it once about twelve years ago),' observing 



* Since the firat edition of this book was printed* I have 
seen the same crane again; and find* thatji though the 
working parts are much the same as above described^ yet 
jhc method of raising or lowering the trundle B9 and thg 
catch Rf are better contrived than I have described them. 
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this dangerous construction, contrived ^ method xect. 
of remedying it, by putting cogs all around rtie ^^" 
outside of the wheel, and applying a trundle E 
to turn it ; which increases the power as much 
as the number of cogs in the wheel is greater 
than the number of staves in the trundle ; and 
by putting a ratchet-wheel F on the axis of the 
trundle (as in the above-mentioned crane), with 
a catch to fall into it, the great wheel is stopt 
from running back by the force of the weight, 
even if all the men in it should leave off walk- 
ing : and by one man working at the winch /, 
or two men at the opposite winches when need- 
ful, the men in the wheel are much assisted, and 
much greater weights are raised, than could be 
by men only within the wheel. Mr. Padmore 
put also a gripe-wheel G upon the axis of the 
trundle, which being pinched in the same man* 
ner as described in the former crane, heavy bur- 
thens may be let down without the least danger. 
And before this contrivance, the lowering of 
goods was always attended with the utmost dan- 
ger to the men in the wheel; as every one 
must be sensible of, who has seen such engines 
at work. 

' And it is silrprising that the masters of wharfs 
and cranes should be so regardless of the limbs, 
or even lives, of their workmen, that, excepting 
the late Sir James- Creed of Greenwich, and 
some gentlemen at Bristol, there is scarce an 
histance of any who has used this safe contriv- 
ance.* 



' An improved crane for wharfs has \2Xt\j been invented 
by Mr. Robert Hall of Basford, who was rewarded with 
f^ity guineas by the Society of Arts. The invention 

chicfl)* 
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The structure of wheeUcarriages b genendly 
80 well known, that it would be needless to 
describe them; and, Aerefore, we ^hall only 
f^f^f^P^ point out some inconveniendes attending the 
common method of placing the wheels^ and loadr 
ing the waggons.^ 

In coaches, and all other four*wheded caiv 
xbges, the fore-wheels are made of a less size 
than the hind ones, both cm account of turning 
short, and to avoid cutting the braces; other- 
wise, the carriage would go much eacdier if the 
fore-wheels were as high as the bind ones, and 
the higher the better, because thev would sink 
to less depths in little hoUowings m the roads, 
and be the more easily drawn out of diem. But 
carriers and coachmai give another reason fw 
making the fore-wheels much lower than the 
hind-wheels ; merely, that when they are so, the 
hind-wheels help to push on the fore ones; 
which is too unphilosophical and absurd to de- 
serve a refutation ; and vet, for their satisfaction, 
we shall shew, by expenment, that it has no ex** 
istence but in thar own imaginations. 



chiefly conaitts in expanding a tet of bars parallel to the 
axis of a cnuie» by meant of which, the velocity of the 
rope in nusiag weights may be diminished or increa8ed> in 
proportion to the load which is to be raised. An engrav- 
ing and description of this crane may be seen in the Trans- 
actions of the Society for the encouragoBaeBt of Arts, voL 
xii ; or in the Philosoph. Mag. April i804» p. 2/0. The 
description of a simple and powennl capstane» which can 
be converted into a crane, will be found in the Appendix, 
vol. ii. — Ed. 

* Hie subject of wheel<arriage8 is treated at great 
length in the Appendix, voL ii. A variety of defects in 
the common construction, are freely pointed out, and many 
improvements suggested, which seem to he of peat impoit<« 
ance««-->£v. 



vry. 
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Itis plain that the small wheels must turn as jlect. 
much oftener round than the great ones, as their ^^' 
circumferences are less: and, therefore, when 
the carriage is loaded equally heavy on both 
axles, the fore-axle must sustain as much more 
friction, and consequently wear out as much 
sooner, than the hmd-axle, as the* fore-i;idieels 
are less than the hind ones. But the great mis- 
fortune is, that all the carriers, to a man, do ob- 
stinately persist, against the clearest reason and 
demonstnition, in putting the heavier part of the 
load upon the fore-axle of the vtraggon ; which 
not only makes the friction greatest where it 
ought to be least, but also presses the fore- wheels 
deeper into the groimd than the hind-wheeb, 
notwithstanding the fore-wheels, bang less than 
the hind-ones, are with so much the greater dif* 
ficulty drawn out of a hole or over an obstaclej^ 
even supposing the weights on their axles were 
equal. For the difliculty, with equal weights, 
will be as the depth of the hole or height of the 
obstacle is to the semidiameter of the whed« 
Thus, if we suppose the small wheel D of the pjj. ^ 
waggon jiB to fail into a hole of the depth E F^ 
which is equal to the semidiameter of the wheels 
and the waggon to be drawn horizontally along^ 
it is evident, that the point E of the small whasl 
will be drawn directly against the top of the 
hole; and, therefore, all the power of horses 
and men will not be able to draw it out, unless 
the ground gives way before it. Whereas, if 
the hmd-whedi G falls into such a hole, it sinks 
not near so deep in proporticm to its semidiame- 
ter ; and, therefore, the point G of the large 
wheel will not be dniwn directly, but obliquely , 
against the top of the hole ; and so will be easily 
got out of it. Add to this, that as a small wheel 
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JLECT. will often sink to the bottom of a hole, in which 
'^'- a great wheel will go but a very little way, the 
small wheels ought in all reason to be loaded 
with less weight than the great ones ; and then 
the heavier part of thfe load would be less jolted 
upward and downward, and the horses tired so 
much the less, as their draught raised the load 
to less heights. 

It is true, that when the waggon-i*]load is much 
up hill, there may be danger in loading the hind- 
part much heavier than the fore-part ; for then 
the weight would overhang the hind-axle, .espe- 
cially if the load be high, and endanger tilting 
up the fore-wheels from the ground. In this 
case, the safest way would be to load it equally 
heavy on both axles ; and then, as much more 
of the weight would be thrown upon the hind- 
axle than upon the fore one, as the ground rises 
from a level below the carriage. But as this 
seldom happens, and, when it does, a small tem- 
porary weight laid upon the pole between the 
horses would overbalance the danger ; and this 
weight might be thrown into the waggon when 
it comes to level ground; it is strange, that an 
advantage so plain and obvious as would arise 
from loading the hind-wheels heaviest, should 
not be laid hold off, by complying with this me- 
thod. 

To confirm these reasonings by experiment, 
let a small model of a waggon be made, with its 
fore-wheels 27 inches in diameter, and its hind- 
wheels 44^ ; the whole model weighing about 20 
ounces. Let this little carriage be loaded any- 
how with weights, and have a small cord tied to 
each of its ends, equally high from the ground 
it rests upon ; and let it be drawn along a hori- 
zontal boards first by a weight in a scale hung to 



the csord at liif fiMre-part ; A^tiad going over a uct. 
pulley at tke eai^ or tbt ttoasd, tb huaUtate the'_[^ 
draughc^ aftdr the wteight jiist suffident to di^w 
it along. HiiMyOini the ca^fiage^ and' hang tht- 
scale and weight to the hmd cord, and it vml be* 
found to mov^ along with tiie same vdodtv ail* 
at iirat ; whidi shews,, that the- jkiwer inquired 
% dt»fr the cainiage is the samtt, whether tbe> 
great or small wheels are foremost; znd theate* 
tots ilie great wheels* do not help in the least to 
push on the small wheels in the road. 

Hang the scale to die fore-cord, and place^ 
tile fere-wheels (which> are the smdl ones) in' 
two holes^ cut three eight parts of an inch deep" 
into the board ; then put a weight of 53 ounces^ 
into the carriage) over t^he fore-axle, and aa^^ 
equal weight over the hind one : this dcHie, put 
44 ounces into the scale, which witt be just suf« 
ficient to di^^ out the fore-wheels : but if thia 
weight be taken out of die scale, and one of 19 
ounees put into its place, if the hind-wheel« aitr 
placed in the holes, the 16 ounce weight wilit 
db-aw them out ; which is little more than a thiitl 
part of what wnsr necessary to draw out the for^ 
n^heels* This shews, that the larger the whedai 
are, the less power will draw the carriage, espei< 
dally on rough gmund.^ 

Put 64 ounces: over tlie aide df the- hind^ 
wheels, and' 52 over the axle of the fere omU^ 
in the carriage, and plaee the fore-wheels in the 
holes-; then put sa ouhces^ into the scale, whidi 
wilt just drttw>oM the fere^whe^-; and wien 
the hind oxM coaM to* thb hole,^ thef wfll'fiod 
but very Uttle itidbianee^ Iwiatfse tbe^i smkrboi 
a little wtfy isti^iti .'!'■' 

But dim the weigbtaii ia ther carriage hjfni* 
ing ^ 8S^ cfunces updn the hitld^axlei and^dM 

fc/./. * H 



/- 
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LECT. gather up as much chy as would be almost equal 

^ y^^ to the weight of an ordinary load. 

If the wheels were always to go upon smooth 
and level ground^ the b^ way would be to 
make the spokes perpendicular to the naves^ 
that is, to stand at right angles to the axles \ 
because they would then bear the wei^t of the 
load perpendicularly, which is the strongest way 
for wood. But because the ground is generally 
uneven, one whed often faUs into a cavity or 
rut when the other does not \ and then it bears 
much more of the wdght than the other does : 
in which case, omcave or dishing wheels are 
best, because, when one fidls into a rut, and the 
other keeps upon high ground, the spokes be- 
come perpendicular m me rut, and therefore 
have the greatest strength when the obliquity of 
the load mrows most of its weight upon them ; 
while those on the high ground have tess weight 
to bear, and therefore need not be i^ their mil 
strength : so that the usual way of making the 
wheels concave is by much the best* ^ 

The axles of the wheels ought to be perfect-* 
ly straight, that the rim of the wheels may be 
parallel, to each other ; for then they will move 
easiest, because th^ will be at tibeity to go cm 
straight forward. But in the usual wav ofprac* 
tice, the axles are bent downward at their ends, 
which brings the sides of the wheels next the 
ground nearer to one another than (heir oppo- 
site or higher sides are : and this not only makes 
the wheeb to drag sideways as they go akmg, 
and gives the load as much greater power of 
crushing them than when they are parallel to 
each omer; but also endangers the overturn- 
ing of the carriage when any wheel £dis into a 
hole or rut ; or when the carriage goes in a road 
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which has one side lower than the other, as user, 
along the side of a hilL Thus (in the hind <^- 
view of a waggon or cart) let AE and B Fbe ' *^^ 
the great wheels parallel to each other, on their 
stra^ht axle JT, and HC 1 the carriage loaded Fig 4. 
with heavy goods from C to G. Then, as the 
carriage goes on in the oblique road AaB^ the 
centre ot gravity of the whole machine and load 
mil be at C;* and the line of direction CdD 
&lling within the wheel B Fj the carriage will 
not overset. But if the wheels be inclined to Fig. 5- 
each other on the ground, z&AE and jJ3 F are, 
and the machine be loaded as before, from C to 
G, the line of direction CdB fiadls without the 
wheel BFj and the whole machine tumbles 
over. When it is loaded with heavy goods 
(such as lead or iron) which lie low, it may Fig. 4. 
travel safely upon an oblique road so long as 
the centre of ^nravity is at C, and the line of di- 
rection Cd falls within the wheels ; but if it be 
loaded high with lighter goods (such as wool- 
packs) from C to L, the centre of gravity is Fig. 6. 
raised frx>m C to £, which throws the line of 
direction Kk without the lowest edge of the 
wheel B F, and then the load oversets the wag- 
gon. 

If there be some advantage from small fore- 
wheds, on account of the carriage turning more 
easily and short than it can be made to do when 
they are large, there b at least as great a disad- 
vantage attending them, which is, that as their 
axle is below the level of the horses breast, the 
horses not only have the loaded carriage to 
draw along, but also part of its weight to bear, * 



* Sec page 17. 

H a 
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JLECT. which tires them sooner^ and makes them grow 
^v. much stifFer in their hams, than they, would do 
■"^^^*^ if they drew on a level with the fore-axle : 
and, for this reason, we find coach horses soon 
become imfit for riding. So that, on all ac- 
counts, it is plain, that the fore-wheels of all 
carriages ought to be so hieh, as to have; their 
axles even with the breast of the horses ; which 
would Ttbt only give the horses a fair draught, 
but likewise keep them longer fit for drawing 
the carriage.^ 
r/^*lV^* We shall conclude this lecture with a descrip- 
tion of Mr. Vauloue's curious engine, which was 
made use of. for 'driving the piles oJF Westnvin- 
ster bridge ; and the reader may cast his eyes 
upon the first and second figures of the plate, in 
which the same letters of reference are annexed 
to the same parts, in order to explain those in 
the second, which are either partly or wholly hid 
in the first. 
The ^/r- j4 is the great upright shaft or axle, on which 
w^»^. 2j.g jjjg gj.gj^^ wheel B and drum C, turned by 

horses jomed to the bars 5, S. The wheel Js 
turns the trundle X, on the top of whose axis is 
the fly O, wfalbh serves to r^ulate the motion, 
and also to act against the horses, and keep them 
from falling when the heavy ram Q is discharged 
to drive the pile P down mto the mud in the 
bottom of the river. The drum C is loose upon 
the shaft ^, but is locked to the wheel B by the 
bolt Y. On this drum the great rope HHis 



' Mr. Edgcworth recommends the application of springy 
to heavy waggons, &c. because they facilitate the draught, 
by permitting the load to rise gradually over an obstacle^ 
without obstructing the velocity of the carriage.— Ep. 
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wound ; one end of the rope being iixed to the lect. 
drum, and the other to the follower G, to which '*^. 
it is conveyed over the pulleys / and K. In the ' 
follower G is contained the tongs F; (see Fig. 3), fi^. 3. 
that take hold of the ram Q by the staple R for 
drawing it up, D is a spiral or fusy ftxed to 
the drum/ on yrhich is wound the smaH rope T 
that goes over the pulley t/; under the pulley ^ 
and is fisistened to the top of the frame at 7- To 
the pulley l?lock ^ is hung the counterpoise J^ 
which hinders the follower from accelerating as 
it goes down to take hold of the ram ; for, 33 
the follower tends to acquire velocity in its des- 
cent, the line T winds downward upon the fiisy, 
on a larger and larger radilisj by which means 
the counterpoise ff^ acts stronger and stronger 
against it ; ahd so allows it 'to come down with 
only a moderate and uniform velocity. The 
bolt Flocks' the drum to the great wheel, being 
pushed upward by the small lever 2, which goes 
through a mortise in the shaft -^, turns upcwi a 
pin in the bar Jfixed to the great wheel JS, ahd 
has a weight 4, which always tendsl to push up 
the bolt X through the wheel into the drum, X 
is the great lever turning oh the axis tw, and 
resting upon the forcing bar 5^ 5j which goes 
down through a hollow in the shafjt ^^ and bears 
up the little lever 2. • 

By the horses going roimd, the great rope H 
is wound about the drum C, and the ram Q is 
drawn up by the tongs i^in the follower G, un- 
til the tongs come between the inclined planes 
E ; which, by shutting the tongs at the top^ 
opens it at the foot, and discharges the ram, 
which falls down between the guides b b lipon 
the pile P, and drives ft by a few strokes as far 
jnto the mud as it can go ^ after which, the top 
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xjscr. part is sawed off close to the omd, by au.e;^* 
i^' .g^^ ^^^ ^^ purpose. Immediately after xh^ 
ram is discharged, the piece ;6 upon the follower 
G takes hold of the ropos afij which raise cfae 
end of the lever L^ and cause jts end N to de* 
scend and press down the forcing jb^r 5 upon 
the little lever 2, which by pullm^ dowi^ the 
bolt Y^ unlocks the drmp Ctrom the great wheel 
J^ ; and then the follower, bewg ^t liberty^ corner 
down by its own weight to $he ram ; and .the 
lower ends of the tongs /dip pv^ thje staplie R^ 
and the weight of their heads (rauses them tp 
fsHX outward, an4 -shuts ^pon it. Thei^ jthe 
weight 4 pushes up the bojtt Y intP the drum^ 
which )oc$s iyt to the j^eaf w))eel, apd ^ the 
ram is drawn up as befpr^. 

As the follower comes doigm^ jt causes the 
drum to turn backward, ^uad unwinds the rope 
from it, wluile the horses, great whed, trpndfe^ 
and fly, go on with an unjntenTipte^ n^Ptipn ^ 
and as the Ama^ is tuiming b^ckward^ the coiWt 
terpoise ^is drawn up, and Hs rpp^ T woiwd 
upon the spiral fiisy Z). 

There are several holes iqi the under side pf 
the drum, and the boh Y always takes th^ first 
one that it finds when the drum stops by the 
£illmg of the follower upon the ram ; until whicl^ 
st6ppage, the bolt has no^ time to slip iptq a^y 
of the holes. 

This engine was placed upon a barge on the 
water, and so was easily conveved to any place 
desired. — I never had the gooa fortime to see 
it, but drew this figure from a model which I 
made from a print of it, being not quite satisfie4 
with the view which the print gives. I h^ve 
^n told that the ram w^ a ton weight, apd 
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that the euides bbj between which it v^s drawn up lect. 
and let fall down, were 30 feet high. I suppose *^* 
the great wheel may have had 100 cogs, and ' ~~ 
the trundle 10 staves or rounds ; so that the fly 
would make 10 revolutions for one of the great 
wheel. 




LECTURE V, 




OF HYDROSTATICS, AND HYDRAULIC MACHINES. 



JL HE science of hydrostatics treats of the na* 
ture, gravity, pressure, and motion of fluids in 
general, and of weighing solids in them/ 
Defiflition A fluid is a body that yields to the least pres- 
of a fluid, sure or diflference of pressures. Its particles arc 
so small, that they cannot be discerned by the 
best microscopes ; they are hard, since no fluid, 
except air or steam, can be pressed into a lev 
space than it natundly possesses;* and they 

* Hydrodynamict is the science which treats of the pres* 
SHre, equilibriuiDy and motion of fluids. It is diWded into 
twobranchesy Hydrostatics and Hydraulics. Hydrottaiks 
treats of the pressure and equilibrium of fluids; BnAHydraU" 
Res treats of the motion of fluids* and the machines in 
which they arc chiefly concerned.— Ed. 

* It is now found from many unquestionable experi- 
mentSy made both in this country and on the continent, 
that most fluids are to a certain degree compressible. Mr. 
Canton having placed a glass tube filled with water, be- 
neath the receiver of an air-pump, and removed the pretttire 
of the atmosphere, found that the water expanded itself, 
and rose in the tube. When the same glass tube wu 
placed under the receiver of a condensing engine, an4 the 

.Mr 
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must be round and smooth', seeing they are so iject. 
easily moved among one another. * v. 

All bodies, both fluid and solid, press down- ' 
ward by the force of gravity : but fluids have this 
wondenul property, that their pressure upward 
and sidewise is equal to their pressure down- 
ward ; and this is dways in proportion to their 
perpendicular height, without any regard to their 
quantity ; for as each particle is quite free to 
move, it will move toward that part or side on 
which the pressure is least : and hence, no par- 
ticlie or quantity of a fluid can be at rest, till it is 
every way equally pressed. 

' To shew by experiment that fluids press up-plat«x. 
ward as well as downward, let -^ JS be a long ^j?. J 
upright tube filled with water near to its top ; a, muX^ 
and CD 2l small tube open at both ends, and upward u 
immersed into the water in the large one; if ^"^"^^ 
the immersion be quick, vou will see the water 
rise in the small tube to tne same height that it 
stands in the great one, or until the surfaces of 
the water in both are on the same level ; which 
shews that the water is pressed uDward into the 
small tube by the weight of what is in the great 



air in the receiver matly condensed, the water was com- 
pressedy and sunk in the tube. When other fluids were 
subjectedto similar experiments, he found them compres- 
sible in the following proportions : — Spirit of wine 66 mil- 
lionth parts of the whole ; oil of olives 48 millionth parts ; 
rain water 46 ; sea water 40 ; and mercury- 3.— For a far- 
ther account of the experiments of this ingenious philoso* 
pher, see Phil. Trans, vols* ^2 & 54. Mr. Zimmerman 
also found, that sea water was compressed jx^^ P^^ ^^ ^^* 
bulk, when inclosed in the cavity o£ a strong iron cylind- 
er, and under the influence of a force equal to a column of 
sea water a thousand feet high.— The elasticity, and con- 
sequently the compressibility, of fluids is also evident from 
the reflection of stones, which strike the surface of stagnant 
frater in an oblique directioiu<«-£D« 
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LECT. one ; otherwise it could never : ise therein, con- 
trary to its natural gravity, ur.^ess the disuneter 
of the bore were so sniall, tl;at the attraction 
of the tube would raise the wator ; which will 
never happen if the tube be as wide as that in a 
common barometer. And, as the water rises 
no higher in the small tube thdw rill its surface 
be on a level with the surface of the water in 
the great one, this shews that the poessure is not 
in proportion to the quantity of water in the 
great tube, but in proportion to its perpendicular 
height therein ; for there is much more water in 
the great tube all around the small one, than 
what is raised to the same height in the small 
one, as it stands within the great. 

Take out the small tube, and let the water 
run out of it ; then it will be filled with air. 
Stop its upper end with the cork C, and it will 
be full of aur all below the cork: this. done, 
plunge it again to the bottom of the water in the 
great tube, and you will see the water rise up 
m it only to the height E ; which shews that the 
air is a body, otherwise it could not hinder the 
water from rising up to the same height as it 
did before, namely, to j4; and in so doing, it 
drove the air dut at the top ; but now the air is 
confined by the cork C: and it also shews that 
the air is a compressible body, for if it were not 
so, a drop of water could not enter into the 
tube. 

The pressure of fluids being equal in all di» 
rections, it follows that the sides of a vessel are 
as much pressed by a fluid in it, all around in 
any given ring of. points, as the fluid below that 
ring is pressed by the weight of all that standi 
above it. Hence the pressure upon every point 
in the sides, immediately above the bottom, is 
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equal to the pressure upon everj point of the ucr. 
bottom. To shew this by experiment, let a, ^' 



hole be itiade at e in the side of the tube A B Fig. 
dose by the bottom, and another hole of the 
same size in the bottom at C ; then pour water 
into the tube, keeping it full as long as you 
choose the holes ^lould run, and have two 
basons ready to receive the water that runs 
through the two holes, imtii you think there is 
enough in each bason; and you will find by 
measuring the quantities, that they are equal, 
which shews that the water runs with equal speed 
through both holes ; which it could not have 
done, if it had not been equally pressed through 
them both. For, if a hole of the same size be 
mside in the side of the tube, as about fy and if 
all three are permitted to run together, you will' 
find that the quantity run through the hole at/* 
is much less than what was run in the same time 
dirough either of the holes C or e« 

In the same figure, let a tube be turned up 
from the bottom at e into the shape JD Ej and 
the hole at C be stopt with a cork : then pour 
water into the tube to any height, iS Ag^ and 
it will spout up in a jet E FGj nearly as high 
as it is kept in the tube ^J3, by contmuin^ to 
pour in as much there as runs through the hole 
E ; which will be the ease while the surface ^^ 
keq>s at die same height : and if a little ball of 
cork G be laid*upon the top of the jet^ it wiU 
(be supported ithareby, aokl dance upon it. The 
reason whv the jet nscs not quite so high as the 
surface oi the water Ag^ is owing, to the re- 
sssti^e it meets widi in the epm smr ; for, if a 
tube, ehher ^*eat or small^ was screwed xipoA 
the pipe at £y the water would rise in tt'u&til 
the surface of the water in. both tubes were. ^ 



V 
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LSCT. the same level ; as will be shewn by the next ex- 
^' ^periment. 
Thtiydr^^ Any quantity of a fluid,, however small, 
stoHcpara^ may be made to balance* arid support any quan- 
'**• tity, however great. This is deservedly term- 

ed the hydrostatical paradox^ which we shall 
first shew by an experiment^ and then account 
for it upon the principle above mentioned ; 
namely, that the pressure of fluids is directly as 
their perpendicular height y without any regard to 
tfieir quantity. 
Fif . 3. Let a small glass tube D CGy open through- 

out, and bended at jB, be joined to the end of 
a great one AJzt cdj where the . great one is 
also open ; so that these tubes in their openings 
may freely communicate with each other. Then 
pour water through a small-necked funnel into 
the small tube at H; this water will run through 
the joining of the tubes at c d, and rise up into 
the great tube ; and if you continue pouring un- 
til the surface of the water comes to any part, as 
A^ in the great tube, and then leave oflF, you 
will see that the surface of the water in the 
small tube %ill be just as high at D ; so that 
the perpendicular height of the water will be 
the same in both tubes, however small the one 
be in proportion to the other. ^ This shews, 
that the small cplunm D CG balances and sup- 
ports the great column Acd^ which it could 
not do if their pressures were not equal against 
one another in the recurved bottom at B. — ^If 



' This is true only when the bore of the smaller tube 
D C G ia sufficiently large. For if this tube be of the 
capillary kind, the attraction of cohesion will raise the 
water in it to a much greater height than the column o£ 
water in the large tube if /.—Ed. 
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die small tube be made longer, and inclined in l£ct. 
the situation GEFj the 8ur£aM:e of the water in ^• 
it will stand Bt Fj on the same level with the 
surface ^ in the great tube ; that is, the water 
will have the same perpendicular height in both 
tubes, although the column in the small tube is 
longer than that in the great pne ; the former 
bemg oblique, and the k^er perpendicular. 

Since then the pressure of fluids is directly 
as thjeir perpendicular heights, without any re- 
gard to their quantities, it appears that what- 
ever the figure or size of vessels be, if they are 
of equal heights, and if the areas of their bot- 
toms are equal, the pressures of equal heights 
of water are equal upon the bottoms of these 
vessels, even though the one should .hold a 
thousand, or ten thousand, times as much water 
as would fill the other. To confirm this part of 
the hydrostatical paradox by an experiment, letFi|:.4>5* 
two vessels be prepared of equal heights, but 
very unequal contents, such zs AB -in Fig. 4, 
and AB'm Fig. 5. Let each vessel be open at 
both ends, and their bottoms Dd^ Ddj he o£ 
equal widths. . Let a brass bottom C C be ex- 
actly fitted to each vessel, not to go intcT iu but 
for it to stand upon ; and let a piece of wet 
leather be put between each vessel and its brass 
bottom, for the sake of clo^jsness. Join each 
bottom to its vessel by a hinge Z), so that it 
may open like the lid of a box ; and let each 
bottom be kept up to its vessel by equal weights 
£ and E hung to lines which go over the pulleys 
jF and F (whose blocks are fixed to the side3 
of the vessels at^, and the lii[ies tied to hooks 
at d and dy fixed in the brass bottoms opposite 
to the hinges Z> and />. Things being thus pre- 
pared and fitted, hold the vessel .^^ (Fig. 5) 
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upright m ydor btt^'bvtf Hr basofl <ttl ft fsAAe^ 
and caose tirarer tkf he poured mtd tbe vessel 
slowly , tfll the pressttrti dP the water bears down 
its bottom at tm side 4^ and raises the weight 
E ; and ften part of the .water will run out at 
d. Mark the height at iriiieh the surface H of 
the water stood in the- vefifsel, when the bottom 
began to gire way at df and then, hKidding up 
the other vessel ^B (Fig. 4) in the ttUxie man- 
ner^ cause water to-be (voured into kM H; and 
you wiH see that when die wafer rises tt> ^ in 
diis vessel, just as high a^itdid hi the fermer, its 
bottom will also give way ar d^ amd it will lose 
part of the water. 

The natural reason of this surpriang pheno- 
menon is, tteit siifte all parts of a fluid at equal 
depths' bdow the suriace are equally jM^essed in 
ail manner of directions, the water immediate- 
ly bdow the fixed part Bf (Fig. 4) will be 
pressed as much upward* a^sonst its lower sur- 
race witliAi the vessel, by Sue aedon <tf the cc^ 
lumn ^|f, as it would be by a column of the 
same hei^t, send df tty diameter whatever, 
as wa$ evident by the esrp^rhnent of the tube, 
g. 3), and therefore, since action and re-ac* 
tron are equal and contrary tof each dtfaer, the 
water immediately below the surface Bf vAll 
be pressed as much downward by it, as it it was 
immediately touched and pressed by a Column of 
the height gA, and of the diameter Bf: and 
therefore, the water in the cavity B Ddf will 
be pressed as much downward upon its bottom 
CCj as the bottom of the other vessel ({%. 5) 
is pressed by all the vrater above it. 
r^S' 4. To illustrate this a little farther, let a hole be 

ma^^e at/ in the fixed top Bfy and let a tube G 
be put inta it ; then, if vrater be poured into 



^, 
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the tube A^ it will (after filling the cavity B d) lect. 
rise up into the tube G, until it comes to a level ^' 
with that in the tube ji^ which is manifestly 
owing to the pressure of the water in the tube 
Ay upon that in the cavity of the vessel below 
it. Consequently, that part of the top Bf in 
which the hole is now made, would, if corked 
up, be pressed upward with 9. force equal to the 
weight of all the water which is supported in 
the tube G ; and the same thing would hold at 
^, if a hole were n>ade there. And so if the 
whole cover or top Bfvrere full of holes, and 
had tubes as high as the middle one Ag put in- 
to them, the water in each tube would rise to 
the same height as it is kept into the tube A^ 
by pouring more into it, to make up the de« 
ficiency that it sustains by supplying the others, 
until they are all full ; and then the water in 
the tube A would support equal heights of wa^ 
ter in all the rest of Uie tubes. Or, if all the 
tubes except Ay or any other one, were taken 
away, and a large tube equal in diameter to the 
whole top Bf were placed upon it, and ce- 
mented to it, and then if water were poured in- 
to the tube that was left in either of the holes, 
it would ascend through all the rest of the holes, 
until it filled the large tube, to the same height 
that it stands in the small one, after a sufficient 
quantity had been poured into it ; which shews, 
that the top Bf was pressed upward by the 
water under it, and before any hole was made in 
it, with a force equal to that wherewith it is 
now pressed downward by the weight of all the 
water above it in the great tube. And there- 
fore^ the re-action of the fixed top Bf must be 
as great, in pressing the water downward upon 
the bottom C C^ ^ the whole pressure of the 
FbL I. 1 



/ 
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LECT. water in the great tube would have been^ if the 

^ ^ top had been taken away^ and the water in that 

tube left to press directly upon the water m the 
cxvityBDdf. 
Fig. 6. Perhaps the best machine in the world for 

The iyjn- demoustratiiig^ the upward pressure of fluids, is 
^'^ the hydrostatic bellows A; which consists of 
two tnick oval boards, each about 10 inches 
broad, and 18 inches long, covered with leather, 
to open and shut like a common bellows, but 
without valves ; onlv a pipe By about three feet 
high, is fixed into tne belbws at e« Let some 
water be ppured into the pipe at c, which will 
run into me bellows, and separate the boards a 
little* Then lay three weights &, c, d, each 
weighing 100 pounds, upon the upper board, 
and pour more water into the [»pe S^ which will 
run into the bellows, and raise up the board with 
all the weights upon it ; and if the pipe" be kept 
full, until the weights are raised as high as the 
leather which covers the bellows will allow them, 
the water will remaiti in the pipe, smd support 
all the weights, even though it should weigh no 
more than a quarter c^ a pound, and they 300 
pounds ; nor will all their force be able to cause 
them to descend and force the water out at the 
top of the pipe. 

The reason of this will be made evident, by 
considering what has been already said of the 
result of the pressure of fluids of equal heights 
without any re^d to the quantities. For, if a 
hole be made m the upper board, and a tube 
be put into it, the water will rise in the tube to 
the same height that it does in the pipe; and 
would rise as high (by supplying the pipe) in as 
many tubes as the board could contain holes. 
Now, suppose only one hole to be made in any 
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paft of the boards of an equal diameter \(dth i^ct. 
the bore of the pipe 5, and that the pipe holds . ^' 
just a quarter of a poimd of water, if a person 
claps his finger upon the hole, and the pipe be 
filled with water, he will find his finger to be 
pressed upward with a force equal to a quarter 
of a pound. And as the same pressure is equal 
upon all equal parts of the board, each part 
whose area is equal to the area of the hole, will 
be pressed upward with a force equal to diat of 
a quarter of a pound : the sum of all which 
pressures against the under side of ah oval board 
16 inches broad, and 18 inches long, will 
amount to 300 pounds ; and therefore so much 
weight will be raised up and supported by a 
quarter of a poimd of water in the pipe. 

' Hence, if a man stands upon the uppef bowamia 
board, and blows into the bellows through theg^^^f^ 
pipe By he will raise himself upward upon thewwdb^ 
board ; and the smaller the bore of the pipe is, ^ *^*- 
the easier he will be able to raise himself. And 
then, by clapping his finger upon the top of the 
pipe, he can support himself as long as he pleades^ 
provided the bellows be air-dght so as not to lose 
what is blown into it. 

This figure, I confess, ought to have been 
much larger than any other upon the plate ; but 
it was not thought of, until all the rest were 
drawn ; and it could not so properly come into 
any other plate. 

Upon this principle of the upward pressure How toUd 
of fluids, a piiece of lead may be made to s^^^^^^^^^ 
in water,' by immersing it to a proper depth, twim ia 
and keeping the water firom getting above it^^- 
Let CD be a glass tube, open throughout, and 
£F6 a flat piece of lead, exactly fitted to the Fig. 7* 

lower end of the tube, not to go within it, but 

I 2 



132 Of Hydrostatics. 

LECT. for it to stand upon, with a wet leather between 
^- the lead and the tube, to make close work. Let 
this leaden bottom be half an inch thick, and 
held close to the tube by pulling the pack-thread 
IHL upward at L with one hand, while the 
tube is held in the other by the upper end C. 
In* this situation, let the tube be immersed in 
water in the glass vessel AB, to the depth of 
six inches below the surface of the water at A", 
and then, the leaden bottom EFG will be 
plunged to the depth of somewhat more than 
eleven times its own thickness: holding the 
tube at that depth, you may let go the thread 
at L'; and the lead will not fsdl from the tube, 
but will be keptno it by the upward pressure of 
the water below it, occasioned by the height of 
the water at K above the level of the lead. For 
as lead is 11.33 times as heavy as its bulk of 
water, and is in this experiment immersed to a 
depth somewhat more than 1 1.33 times its thick- 
ness, and no water getting into the tube between 
it and the lead, the column of water EabcG 
below the lead is pressed upward against it by 
the water KDEGL all aroiind the tube; 
which water being a little more than 1 1.33 times 
as high as the lead is thick, is sufficient to bal- 
ance and support the lead at the depth KE. If 
a little water be poured into the tube upon the 
lead, it will increase the weight upon the column 
of vtrater under the lead, and cause the lead to 
iall from the tube to the bottom of the glass 
vessel, where it will lie in the situation b d. Or, 
if the tube be raised a little in the water, the 
lead will fall by its own weight, which will then 
be too great for the pressure of the water around 
the tube upon the colunm of water below it. 




water. 
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Let two pieces of wood be planed quite flat, LEcr. 
so as no water may get in between them when ^• 
they are put together ; let one of the pieces, as HowUght 
bdjht cemented to the bottom of the vessel wood may 
AB (Kg. 7), and the other piece be laid ^^X^.^^t^,'"' 
and close upon it, and held down to it by a bottom of 
stick, while water is poured into the vessel; 
then remove the stick, and the upper piece of 
wood will not rise from the lower one ; for, 
as the upper one is pressed down both by its 
own weight and the weight of all the water over 
it, while the contrary pressure of the water is 
kept off by the wood under it, it will lie as still 
as a stone would do in its place. But if it be 
raised ever so little at any edge, some water wilt 
then get under it, which being acted upon by 
the water above, will immediately press it up- 
ward ; and as it is lighter than its bulk of water, 
it will rise and float upon the surface of the 
water. 

All fluids weigh just as much in their own 
elements as they do in open air. Yo prove this 
by experiment, let as much shot be put into a 
phial, as, when corked, will make it sink in 
water ; and, being thus charged, let it be weigh- 
ed, first in air, and dien in water, and the 
weights in both cases wrote down. Then, as 
the phial hangs suspended in water, and coun- 
terpoised, pull out the cork, that water may run 
into it, and it will descend, and pull down that 
end of the beam. This done, put as much 
weight into the opposite scale as^will restore the 
equipoise; which weight will be found to an- 
swer exactly to the additional weight of the phial 
when it is again weighed in air, with the water 
in it. 

13 
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LECT. The velocity with which water spouts out at 
. ^ ' i, hole in the side or bottom of a vessel, is as 
The Tcio- ^^^ square root* of the depth or distance of the 
city of hole below the surface of the water. For, in 
^u?*^ order to make double the quantity of a fluid 
run through one hole as through another of the 
same size, it will require four times the pres- 
sure of the other, and therefore must be four 
times the depth of the other belo^ the surface 
of the water ; and for the same reason, three 
times the quantity running in an equal time 
through the same sort of hole, must run with 
three times the velocity, which will require nine 
times the pressure; and consequently must 
be nine times as deep below the surface of the 
Fig. % fluid ; and so on.— To prove this by an experi- 
ment, let two pipes, as C and g^ of equal sized 
bores, be fixed into the side of the vessel A B ; 
the pipe g being four times as deep below the 
surface of the water at b in the vessel as the 
pipe C is : and while these pipes run, let water be; 
constantly poured into the vessel, to keep the 
surface still at the same height. Then, if a cup 
that holds a pint be so priced as to receive the 
water that spouts from the pipe C, and at the 
same moment a cup that holds a quart be so 
placed as to receive the water that spouts from 
the pipe g^ both cups will be filled at the same 
time by their respective pipes.* 



^ The sqlUre root of any number is that which being 
inultiplied by itself produces the said number. Thus, 2 
is the square root of 4, and 3 is the square root of 9 ; for 
2 multiplied by 2 produces 4^ and 3 multiplied by 3 pro* 
duces 9, Sec. 

^ From a yariety of accurate experiments on the motion 
of fluifis, the following results hate been deduced. 

l.Tht 
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The horizontal distance to which a fluid will lect. 
spout from a horizontal pipe, in any part of the , ^' 
^de of an upright vessel below the sur&ce of ^^ 
the fluid, is equal to twice the length of a par* sootai au. 
pendicular to the side of the vessel, drawn from^|3^%^ 
the mouth of the pipe to a semicircle described ter wm 
upon the altitude of the fluid : and therefore, ^J^^"'" 
the fluid will spout to the greatest distance pos- 
sible from a pipe, whose mouth is at the centre 
of the semicircle; because a perpendicular to 
its diameter (supposed parallel to the side of the 
vessel) drawn from that point, is the longest 
that can possibly be drawn from any part of the 
diameter to the circumference of the semicircle. 
Thus, if the vessel AB he full of water, the Fig. 8. 
horizontal pipe Z) be in the middle of its side, 
aud the semicircle Ndcb be described upon D 
as a centre, with the radius or semidiameter 
DgNj or D/by the perpendicular Dd to the 
diameter ND b is the longest that can be drawn 
from any part of the diameter to the circum- 
ference Nd c b. And if the vessel be kept full, 
the jet G will spout from the pipe /), to the 
horizontal distance NM^ which is double the 



1. That the quantities of water expended, in equal times, 
by different orificesi at the tame height in the reservoir, 
are to one another, very neaHy, as the areas of the orifices, 
or the squares of their diameters. 

2. That the quantities of water expended in equal times 
by the same orifice at different heights in the reservoir are 
very nearly as the square roots of the corresponding alti- 
tudes of the water in the reservoir, above the centre of the 
similar orifices. 

3. That, in general, the quantities of water expended in 
equal times, by different orifices, and at different heights 
in the reservoir, are to one another-in the compound ratio 
of the areas of the orifices, and the square roots of the 
heights in the reservoir. — Ed. 
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LEcr. length of the perpendicular D d. If two other 

^^ pipes, as C and E^ be fixed into the side of the 

vessel at equal distances above and below the 
• pipe Z), the perpendiculars Cc and Ee^ from 
these pipes to the semicircle, will be equal ; and 
the jets F and H spouting from them will each 
go to the horizontal distance NK ; which isi 
double the length of either of the equal perpen- 
diculars Cc or E e/ 
Howwiter Fluid3 by their pressure may be conveyed 
vejcdo^r^^^^ hills and valleys in bended pipes^ to any 
tiiit «nd height ©ot greater than the level of the spring 
''^^y*' from whence they flpw.^ But when they are 



^ The following beautiful experiment, for which we are 
indebted to Professor Leslie, shews the effect of heat in 
increasing the velocity of spouting water. Provide a glass 
tube three or fouir feet long, and more than half an inch 
wide : by the help of a blow-pipe draw out the end into 
a tapering capillary bore^ and a little above this* bend 
the shoulder back parallel to the tube ; then holding the 
tube perpendicular, ml it with cold water, and break off 
by degrees the slender stem, till the water begins to spirt 
up, perhaps half an inch. Now plunge the lower end of 
the tube for .the space of a minute or two in bgiling water, 
«nd on removing it, the jet will dart almost to the height 
of three feet, but will gradually subside as the heated por- 
tion of water is expended. Tbe same result will be obtain- 
ed, though in (different proportions, with alcohol, and 
even mercury. Jn this experiment, the fluidity of the 
water is evidently increased with the heat. The same ex- 
periment may be performed more easily with a syphon made 
of a thermometer tube with rather a wide bore. When the 
shorter leg is inserted in cold water, it will discharge only 
a few drops jn a minute ; bpt when hot watef is employed, 
the rapidity of discharge is increased so as sometimes to 
form a continued streamlet. See Mr. Leslie's paper on 
capillary action, Phil. Mag. Dec. 1802, p. 204.— £o. 

"* It frequently happens, that in the winter season a 
ippply of water is cut off by the congelation of the water ii^ 

th^ 
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designed to be raised higher than the springs, lect. 
forcing engines must be used, which shall be ^ 
described when we come to treat of pumps.* 



the pipes ; and the tubes themselves are often burst by thp 
expansion that takes place durini^f the freezing of the in- 
cluded water. — For remedying these inconveniencies, Mr. 
Wright of Kennington recommends the application of an 
air-valve» by means of which the conduit pipes may be 
kept empty, when there is no occasion for a supply of wa» 
ter. — I or a description of this valve, and for farther in- 
formation upon this useful subject, we must refer the read- 
er to the Philosophical Magazine for July 1804, No. 74^ 
p. 147. — Ed. 

* In pipes employed for conveying water, their thick* 
ness should be in the compound ratio of their diametera, 
and the perpendicular height of the water, directly, and as 
the strength of the materials inversely ; that is, if a be the 
perpendicular altitude of the water in the pipe, d its diame* 

ter, and / the relative strength of the materials, will 

represent the thickness of the pipe. Now Roemer (Mem. 
jiihpt, par Vj^cad. T. v, p. 1 16) found that a leaden pipe, l5 
inches in diameter, and filled with water to the height of 
60 feet, should be &f lines thick. By the table of the re- 
lative-strength of materials, therefore, in p. 80, note, we 
may find the thickness of pipes of any diameter and height* 
and made of any metal. Let it be required, for example* 
to find the thicknejBS of an iron pipe for holding a columm 
of water, 20 feet high and lO inches in diameter. Thea 
since in Roemer's standard experiment, a = 600 inchei^ 
i/= 16 inches^ and j= 1, the relative strength of kadj 

ad Goo X 16 ... ,, , 
= J ; mi^ smce, m the present example* 

ii'^.lAO inches, J= 10 inches* and 1 = 79* the relative 
strength of iron, — -= ^- • But* the pipe em- 

ployed by Roemer required a thickness of 6j lines. There<« 

. (JOO X 16 .,, 240 X 10 1 - r *i^ 
fore, as j : (>f = ^r 2 35 <>' * «°«> "*^ 

thickness of an iron pipe required. When the conduit pipes 

arc 
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LECT. A syphon^ generally used for decanting 11- 
^' quors, is a bended pipe, whose legs are oF un- 

\ he ]yfbw. equal lengths ; and the shortest leg must always 
be put into the liquor intended to be decanted, 
that the perpendicular altitude of the column 
of liquor in the other leg may be longer than 
the column in the immersed leg, espedaUy above 
the surface of the water : for, if both columns 
were equally high in that respect, the atmo-^ 
sphere, which presses as much upward as down- 
ward, and therefore acts as much upward against 
the column in the leg that hangs without the 
vessel, as it acts downward upon the surface of 
the liquor in the vessel, would hinder the run- 
ning of the liquor through the syphon, even 
though it were brought over the bended part 
by suction : so that there is nothing left to 
cause the motion of the liquor, but the superior 
weight of the column, in the longer leg, on ac- 
count of its having die greater perpendicular 
height. 

Fig. 9. Let Z) be a cup filled with water to C, and 

A B C^ syphon, whose shorter 1^ B CF is im- 
mersed in the water from CtoF. If the end 
of the other leg were no lower than the line 
A C, which is level with the surface of the wa^ 
ter, the syphon would not run, even though 
the air should be drawn out of it at the mouth 



are horizontal, and made of lead, their thickness accord- 
ing to fios8ut» should bci 24» 3, 4, 5, 6, 7* 8» lines^ 
when their diameters are, 1, H, 2, 3, 479 6» 7« inches; 
and when these pipes are made of iron, their thickness 
should bcy * - I9 3) 4» 5» 6j 7» 8> lines, 

when their diameters are, 1, 2, 4» 69 8. lO, 12» inches. 

It is curious, and well desenring the attention of plumbers^ 
that the tenacity of Irad is increabed five times by adding 
1 part of zinc to of lead. See p. 80.--*£d. 

3 
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A. For although the suction would draw some 
water at first, yet the water would stop at the 
moment the suction ceased; because the air 
would act as much upward against the water at 
^ as it acted downward for it by pressing on 
the sur£pLce at C. But if the \f^ AB comes 
down to Gy and the air be drawn out at G by 
suction, the water will immediately follow, and 
continue to run, until the surface of the water 
in the cup comes down to F ; because, till then, 
the perpendicular height of the column B AG 
will be greater than that of the column CB ; 
and, consequently, its weight will be greater, un- 
til the surnice comes down to F ; and then the 
syphon will stop, though the leg CF should 
reach to the bottom of the cup. r or which rea- 
son, the leg that hangs without the cup is al- 
ways made long enough to reach below the level 
of its bottom, as from dto E: and then, when 
the syphon is emptied of air by suction at Ej the 
water immediately follows, axui by its continuity 
brings away the whole from the cup ; just as 
pulling one end of a thread will make the whole 
clue follow. 

If the perpendicular height of a syphon, from 
the surface of the water to its bended top at By 
be more than 33 feet, it will draw no water, 
even though the other leg were much longer, 
and the syphcHi quite emptied of air ; because 
the weight of a column of water 33 feet high, 
is equal to the weight of as thick a column of 
air, reaching from the surface of the earth to 
the top of the atmo^>here : so that there will 
then be an equilibrium, and, consequently, 
though there would be weight enough of air 
upon the surface C to make tne water ascend in 
the leg CB almost tp the height jB, if the syphon 
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LicT. were emptied of air, yet that weight would not 
^- bfe sufficient to force the water over the bend ; 



and, therefore, it could never be brought over 
into the Xt^BAG: 
Fig. zo. Let a hole be made quite through the bottom 
raniaimt'i q{ ^jig ^up A^ aud the longer leg of the bended 
' syphon DEBG he cemented into the hole, so 

that the end D of the shorter leg DE may al- 
most touch the bottom of the cup within. 

Then, if water be poured into this cup, it will 
rise in the shorter leg by its upward, pressure, 
driving out the air all the way before it through 
the longer leg ; and when the cup is filled above 
the bend of the syphon at F, the pressure of 
the water in the cup will force it over the bend 
of the syphon ; and it will descend in the longer 
leg CBGj and run through the bottom, until 
the cup be emptied. 

This is generally called Tanialus^s cup^ and 
the legs of the syphon in it are almost close to- 
gether ; and a little hollow statue, or figure of 
a man, is sometimes put over the syphon to 
conceal it ; the bend E being within the neck 
of the figure as high as the chin. So that poor 
thirsty Tantalus stands up to the chin in water, 
imagining it will rise a little higher, and he may 
drink ; but instead of that, when the water 
comes up to his chin, it immediately begins to 
descend, and so, as he cannot stoop to follow it, 
he is left as much pained with thirst as ever. 
Tht/ouM- The device called the fountain at command^ 
^wBfUi^ '•*■ acts upon the same principle with the syphon in 
PL ATI XI, the cup. Let two vessels A and B be joined 
Kg. X. together by the pipe C which opens into them 



* See page 136} note. 
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both. Let A be open at top, B close both at lect. 
tog and bottom, save only a small hole at b to . ^* ,. 
let tne au* get out of the vessel 5, and ^ be of 
such a size as to hold about six times as much 
water as B. L^t a syphon D E F he soldered 
to the vessel B at e, so that the part D E e may 
be within the vessel, and F without it ; the end 
D almost touching the bottom of the vessel, 
and the jend F below the level of D : the vessel 
B hanging to A by the pipe C (soldered into 
both), and the whole supported by the pillars 
G and H upon the stand 1. The bore of the . 
pipe must be considerably less than the bore of 
the syphon. 

The whole being thus constructed, let the 
vessel A be filled with water, which will run 
through the pipe C, and fill the vessel B. When 
B is filled above the top of the syphon at £, the 
water will run through the syphon, and be dis- 
charged at F. But as the bore of the syphon 
is larger than the bore of the pipe, the syphon 
will run faster than the pipe, and will soon 
empty the vessel B ; upon which the water will 
cease from running through the syphon at Fj 
until the pipe C refills the vessel -ff, and then it 
will begin to run as before. And thus the sy- 
phon will continue to nm and stop altematqly 
until all the water in the vessel A has run 
through the pipe C. So that after a few trials, 
one may easily guess about what time the sy- 
phon will stop, and when it will begin to run ; 
and then, to amuse others, he may call out stop^ 
or run, accordingly. 

Upon this principle, we may easily zccqvluX Tmiermunmg 
for intermitting y or reciprocating springs. Let^""!!' 
^-^ be part of a hill, within which there is a 
cavity BB; 'and from this cavity a vein or chan- 
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LECT. nel running in the direction BCDE. The 
^' rain that falls upon the side of the hill wilLsy|c 
"^ ' and strain through the small pores and crannies 
G, G, G, G, and fill the cavity with water K. 
When the water rises to the level HHCj the 
vein BCDE will be filled to C, and the water 
will ran through C D Jp as through a syphon ; 
which running will continue until the cavity be 
emptied^ and then it will stop until the cavity be 
filled again. 
Thecoma The common pump* (improperly called the 
mwpump. ^j^^^ijjg pj^jjr^p^ ^^h whith we draw water out of 

wells, is an engine both pneumatic and hydrau- 
lic. It consists of a pipe open at both ends, in 
which is a moveable piston or bucket, as big 
as the bore of the pipe in that part wherein it 
works ; and is leathered round, so as to fit the 
bore exactly ; and may be moved up and down, 
OTthout suffering any air to come between it and 
the pipe or pump barrel. 

We shall explain the construction both of this 
and the forcing pump by pictures of glass mo- 
dels, in which both the action of the pistons and 
motion of the valves are seen. ' 



* The pump was invented about 120 years before Chnst, 
by C/rseltUy a mathematician in Alexandria. — £d. 

3 There arc three kinds of valves, the clack valvff the 
butterfly valve^ and the button or tail valve. The clack 
valve, which is represented by b in Figures 3 and 49 con- 
sists merely of a circular piece of leather covering the aper- 
ture of the pipe, and moving on a hinge sometimes made 
of metal. The butterfly valve ^ which is superior to the for- 
mer/consists of two semicircular pieces of leather, moving 
round their diameters, which are fixed on a bar, placed 
across tlic opening in the piston. The button valve is com- 
posed of a plate of bi*ass, with a conical tdge^ ground in 

suck 
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Hold the model DCB L upright in the ves- lect. 
sel of water K^ the water being deep enough to ^* 
rise at least as high as f5rom ji to L. The valve ' 
a on the move23)le bucket G, and the valve 6 Fig* 3- 
on the fixed box H (which box quite fills the 
bore of the pipe or barrel at H) will each lie 
close by its own weight, upon the hole in the 
bucket and box, until the engine begins to 
work. The valves are made of brass, and lined 
underneath with leather for covering the holes 
the more closely ; and the bucket G is raised 
and depressed alternately by the handle E and 
rod D d^ the bucket being supposed at B before 
the working begins. 

Take hold of the handle £, and thereby 
draw up the bucket from B to C, which will 
make room for the air in the pump all the way 
below the bucket to dilate itself, by which its 
spring is weakened, and then its force is not 
equivalent to the weight or pressure of the out- 
ward air upon the water in the vessel K-y and, 
therefore, at the first stroke, the outward air 
will press up the water through the notched 
foot Ay into the lower pipe, about as far as e: 
this will condense the rarified air in the pipe 
between e and C to the same state it was in be- ' 



.such a manner as to fit the conical cavity in which it 
lies. A cylindrical tail rises at right angles from its 
under side, and passes through a har which lies across 
the bottom of the box* A little knob is placed at the un- 
der part of the tail, to prevent the valve from rising too 
high. Sometimes valves are made in the form of pyra* 
mids. They consist of four triangular flaps, which repre- 
sent xhe sides of the pyramid, and move upon hinges fixed 
on the circumference of the opening. Their vertices meet 
in the middle of the opening, and are supported by four bars 
which meet in the centre*«-£D. 
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LECT. fore ; and then, as its spring within the pipe is 
equal to the force or pressure of the outward air, 
the water will rise no higher by the first stroke j 
and the valve bj which was raised a little by the 
dilatation of the air in the pipe, will fall, and 
stop the hole in the box H; and the surface of 
the water will stand at e. Then, depress the 
piston or bucket from C to By and as the air in 
the part B cannot get back again through the 
valve A, it will (as the bucket descends) raise 
the valve a, and so make its way through the 
upper part of the barrel d into the open air. 
But, upon raising the bucket G a second time, 
the air between it and the water in the lower 
pipe at a will be again left at liberty to fill a 
larger space ; and so its spring being again weak- 
ened, the pressure of the outward air on the wa- 
ter in the vessel K will force more water up into 
the lower pipe from e tof; and when the bucket 
is at its greatest height C, the lower valve b will 
fell, and stop the hole in the box H as before. 
At the next stroke of the bucket or piston, the 
water will rise through the box H toward 5, 
and then the valve i, which was raised by it, will 
fall when the bucket G is at its greatest height. 
Upon depressing the bucket again, the water 
cannot be pushed back through the valve b^ 
which keeps close upon the hole while the piston 
descends. And, upon raising the piston again, 
the outward pressure of the air will force the 
water up through H^ where it will raise the valve, 
and follow the bucket to C. Upon the next de- 
pression of the bucket G, it will go down into 
the water in the barrel B; and as the water can- 
not be driven back through the new closed valve 
£, it will raise the valve a as the bucket descends, 
and will be lifted up by the bucket when it is 
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next raised. And now, the whole space below lect. 
the bucket being full, the water above it cannot ^ ^' 
sink when it is next depressed ; but, upon its 
depression, the valve a will rise to let the bucket 
go down ; and, when it is quite down, the valve 
a will fall by its weight, and stop the hole in the 
bucket. When the bucket is next raised, all the 
water above it will be lifted up, and begin to 
run oflF by the pipe F. And thus, by raising 
and depressing the bucket alternately, there is 
still more water raised by it; which getting 
above the pipe Fj into the wide top /, will sup- 
ply the pipe, and make it run with a continued 
stream. 

So at every time the bucket is raised, the 
valve b rises, and the valve a falls ; and at every 
time the bucket is depressed, the valve b falls, 
and a rises. 

As it is the pressure of the air or atmosphere 
which causes the water to rise and follow the 
piston or bucket G as it is drawn up ; and since 
a column of water 33 feet high is of equal 
weight with as thick a column of the atmo- 
sphere, from the earth to the very top of the 
air ; therefore, the perpendicular height of the 
piston or bucket from the surface of the water 
in the well must always be less than 33 feet ; 
otherwise the water ^1 never get above the 
bucket. . But, when the height is less, the pres- 
suve^gfrthe atmosphere will be greater than the 
weight of the water in the pump, and will 
therefore raise it above the bucket ; and wheb 
the water has once got above the bucket, it may 
be lifted thereby to any height, if the rod D be 
• made long enough, and a sufficient degree of 
strength be employed, to raise it with the weight 
of the water above the bucket. 
FqI. I. K 
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LKCT. The force required to work a pump will be 
^' , as the height to which the water is raised, and 
as the square of the diameter of the pump-bore, 
in that part where the piston works. So that, 
if two pumps be of equal heights, and one of 
them be twice as wide in the bore as the other, 
the widest will raise four times as much water as 
the narrowest ; and will therefore require four 
times as much strength to work it. 

The wideness or narrowness of the pump, in 
any other part beside that in which the piston 
works, does not make the pump either more or 
less difficult to work, except what difference 
may arise from the friction of the water in the 
bore ; which is always greater in a narrow' bore 
than in a wide one^ because of the greater velo- 
city of the water. 

The pump-rod is never raised directly by such 
a handle as £? at the top, but by means of a 
lever, whose longer arm (at the end of which 
the power is applied) generally exceeds the 
length of the shorter arm five or six times ; and, 
by that means, it gives five or six times as much 
advantage to the power. ' Upon these princi- 



* When it is necessaiy that more than one man should 
be employed, much power would be gained by fixing a 
handle at right angles to the lever» and at the extremity of 
its longer arm. Supposing three men to work at a lever, 
whose longer arm is 6 feet, and the shorter arm l foot» the 
outermost will work with a force which may be called 6 ; 
the second, who must be nearer the centre of motion » with 
a force not much greater than 5 ; and the third with a 
force nearly equal to 4 ; so tliat their united exertions will 
be equal to 15 ; whereas, by adopting the method propos- 
ed, each workman would exert a force equal to 6, and their 
united efforts would amount to J8. This cross handle 
might be so made as t6 take off an4P|>ut on at pleasure.-* 
Ed. 
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pies. It mil be easy to find- the dimendons of a lbct. 
pump that shall work with a given force, and ^* 
draw water from any given depth. But, as ' 
these calculations have been generally n^lected 
by pump-makers (either for want of skill or in- 
dustry), the following table was calculated by 
the late ingenious Mr. Booth for their benefit/ 
In this calculation, he supposed the handle of 
the pump to be a lever increasing the power five 
times; and had often found, that a man can 
work a pump four inches diameter, and 30 feet 
high, and discharge 2^\■ gallons of water (Eng- 
lish wine measure) in a minute. Now, if it be 
required to find the diameter of a pump, that 
shall raise water with the same ease from any 
other height above the sur&ce of the well; 
look for that height in the first column, and 
over against it in the second you have the dia- 
meter or width of the pump ; and, in the third, 
you find the quantity of water which a man of 
ordinary strength can discharge in a minute* 



^ I have taken the liberty to make a few alterations in 
Mr. Booth's numbers in the tabk) and to lengthen it out 
from 80 feet to lOO. 
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Hdght of the 
pump aboTC 
the surface of 
the welL 



Diameter of the 
bore where the 
bucket workii 



Feet. 



10 
15 
20 
25 
30 
S5 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 



lochet. 100 parti. 



6 
5 
4 
4 
4 
3 
S 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



.93 
.66 
.90 
.38 
.00 
.70 
.46 

.27 

.lO 

.95 

.84 

.72 

.62 

.53 

.45 

.38 

.31 

.25 

.19 



Water discharged in 
a minute, English 
wine measure. 



Galloni. Pint*. 



81 
54 

40 
32 

27 

23 

20 

18 

16 

14 

13 

12 

11 

lO 

10 

9 

9 

8 

8 



6 
4 

7 
6 
2 
3 
3 
1 
3 

7 
5 
4 
5 

7 

2 
5 
1 
5 
1 



Thtfirdif 
fimf. 

Kg. 4. 



The forcing pump nuses water through the 
box ^ in the same manner as the common^ 
pump does, when the plunger or piston g is 
lifted up by the rod D d. But this plunger has 
no hole through it, to let the water in the barrel 
.6 C get above it, when it is depressed to By and 
the valve b (which rose by the ascent of the wa« 
ter through the box H when the plimger g was 
drawn up) falls down wd stops the hole in H, 
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Ae moment that the plmiger is raised to its i^ect. 
greatest height. Therefore, as the water between 
the plunger g and box H can neither get through 
the plunger upon its descent,, nor back again in- 
to the lower part of the pump L e, but has a 
free passage by the cavity around H into the 
pipe M Af, which opens into the air-vessel K K 
at P ;* the water is forced through the pipe MM 
by the descent of the plunger, ai>d driven into 
the air-vessel ; and in running up through the 
pipe at P, it opens the valve a ; which shuts at 
the moment the plunger begms to be raised, be* 
cs^use the action of the water against the under 
side of the valve then ceases. 

The water, being thus forced into the air- 
vessel KK by repeated strokes of the plunger, 
gets above the lower end of the pipe GH ly and 
then begins to condense the air in the vessel 
KK. For, as the pipe G H is fixed air-tight 
into the vessel below F, and the air has no way 
to get out of the vessel but through the mouth 
of the pipe at /, and cannot get out when the 
mouth 1 is covered with water, and is more and 
more condensed as the water rises upon the pipe, 
the air then begins to act forcibly by its spring 
against the surface of the water at H : and this 
action drives the water up through the pipe 
IHGFy from whence it spouts in a jet J' to a 
great height ; and is supplied by alternately rais- 
ing and depressing of the plunger g^ which con- 
stantly forces the water that it raises through the 
valve Hy along the pipe MM^ into the air-vessel 
KK. 

The higher that the surface of the water H is 
raised in the air-vessel, the le^ space will the air 
be condensed into, which before filled that ves^ 
isel ; and, therefore^ tl^ force of its spring will 

i;3 
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LECT. be so much the stronger upon the water, and 
|v- will drive it with the greater force through the 
pipe at jF: and as the spring of the air conti- 
nues while the plunger g is risings the stream 
or jet 5 will be uniform, as long as the action 
of the plunger continues : and, when the valve 
b opens, to let the water follow the plunger up- 
ward, the valve a shuts, to hinder the water, 
which is forced into the air-vessel, from running 
back by the pipe MM into the barrel of the 
pump. 

If there was no air-vessel to this engine, the 
pipe GH I would be joined to the pipe MMN 
at P ; and then, the jet S would stop every time 
the. plunger is raised, and run pmy when the 
plunger is depressed. 

]h&. .Newsham's water-engine, for extinguish- 
ing fire, consists of two forcing pumps, which 
alternately drive water into a close vessel of air, 
and, by forcing the water into that vessel, the 
air in it is thereby condensed, and compresses 
the water so strongly, that it rushes out with 
great impetuosity and force through a pipe that 
comes down into it, and makes a continued uni- 
form stream by .the condensation of the air upon 
its surface in the vessel.^ 

By means of forcing pumps, water may be 
raised to any height above the level of a river 
or spring ; and machines may be contrived to 



' A curious machine for extioeuishing fire was invented 
by one Greyly in which a vessel ruU of water is dispersed 
in every direction, by the explosion of a quantity of gun- 
powder placed in its centre, and kindled by a^atch fitted 
for the purpose. Mr. Godfrey's idea of a water bomb, 
for the same purpose) seems to be derived firom the above 
machine.— £d. 
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work these pumps, either by a w&ning stream, user, 
a fedl of water, or by horses. An instance in . ^' , 
each sort will be sufficient to shew the method. 

First, by a running stream, or a fall of water, ^5-^^1x11, 
Let Aji be a wheel, turned by the fall of water *^' *' 
B B ; and have any number of cranks (suppose 
s ix) as 6', Z), /i, f , G, //, on its axis, according 
to the strength of the fall of water, and the 
height to which the water is intended to be rais- 
ed by the engine. As the wheel turns round, 
these cranks move the levers, c, rf, e, f^ g". A, up a pump 
and down, by the iron rods i, A, /> ^^ w, j^^*^^. 
which alternately raise and depress the pistons ter. 
by the other iron rods j&, q^ r, s, tj w, ?x;, a:, y, in 
twelve pumps j nine whereof, as Z, Af, iV, 0, 
P, Q, jK, 5", T, appear in the plate, the other 
three being hid behind the work at F. And as 
pipes may go from all these pumps to convey 
the water drawn up by them to a small height) 
into a close cistern, from which the main pipe 
goes off, the water will be forced into this cis- 
tern by the descent of the pistons. And as each 
pipe, going from its respective pump into the 
cistern, has a valve at its end in the cistern, these 
valves will hinder the return of the water by the 
pipes ; and, therefore, when the cistern is once 
full, each piston upon its descent will force the 
water (conveyed into the cistern by a former 
stroke) up the main pipe, to the height the en<- 
gine was intended to raise it : which height de- 
pends upon the quantity raised, and the power 
that turns the wheel. When the power upon 
the wheel is lessened by any defect of the quan* 
tity of water turning it, a proportionable number 
of the pumps may be sec aside, by disengaging 
their rods from the vibrating levers. 

This figure is a representation of the engine 
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tier, erected at Blenheim for the duke of Martbo- 
_y' ^ rough, by the late ingenious Mr. Aldersea. The 
'water-wheel is 74- feet in diameter, according to 
Mr. Switzer's account in his Hydraulics. 

When such a machine is placed in a streafn 
that runs upon a small declivity, the motion of 
the levers and action of the pumps will be but 
slow, since the wheel must go once round for 
each stroke of the pumps. But, when there is 
a large body of slow running water, a cog or 
spur-wheel may be placed upon each side of the 
water-wheel AA^ upon its axis, to turn a trun- 
dle upon each side ; the cranks being upon the 
axis of the trundle. And, by proportioning the 
cog-wheels to the trundles, the motion of the 
pumps may be made quicker, according to the 
quantity and strength of the water upon the 
first wheel, which may be as great as the work^i 
man pleases, according to the length and breadth 
of the float-boards or wings of the wheel. In 
this manner, the engine for raising water at 
London-bridge is constructed; in which the 
water-wheel is 20 feet diameter, and the floats 
14 feet long. 
A pump Where a stream or fall of water cannot be 
*o^b°^ '° had, and gentlemen want to have water raised, 
horsca. and brought to their houses from a rivulet or 
spring, this may be eflfected by a horse-engine 
Fig, a. working three forcing pumps which stand in a 
reservoir filled by the spring or rivulet; the 
pistons being moved up and down in the pumps 
by means of a triple crank ABC^ which, as it 
is turned round by the trundle G, raises and de- 
presses the rods Z), £, F. The trundle may be 
turned by such a wheel as F^ in Fig. 1 , of Plate 
VIII, having levers y, y, y, y, on its upright 
axle, to which horses may be joined for .working 
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the engine. And, if the vrheel has three times lect. 
as many cogs as the trundle has staves or romids, , ^' 
the trundle and cranks will make three revolu- ^ 
tions for every one of the wheel ; and, as each 
crank will fetch a stroke in the time it goes 
round, the three cranks will make nine strokes 
for every turn of the great wheel. ^ 

The cranks should be made of Cc^ iron, be- 
cause that will not bend ; and they ^ould each 
make an angle of 120 with both of the others, 
as at a, fc, c, which is (as it were) a view of their PlatiXII, 
radii, in looking endwise at the axis ; and then **^' ** 
there will be always one or other of them going 
downward, which will push the water forward 
with a continued stream mto the main pipe. For, 
when b is almost at its lowest position, and is, 
therefore, just beginning to lose its action upon 
the piston which it moves, c is beginning to move 
downward, which will, by its piston, continue 
the propelling force upon the water ; and, when 
c is come down to the position of £, a will be in 
the position of c. 

The more perpendicularly the piston rods 
move up and down in the pumps, the freer and 
better will their strokes be : but a little deviation 
from the perpendicular will not be material. 
Therefore, when the pump-rods 2), £, and F^ 
go down into a deep well, they may be pioved 
directly by the cranks, as is done in a very 
good norse engine of this sort at the late Sir 
James Creed's at Greenwich, which forces up 
water about 64 feet from a well under ground, 
to a reservoir on the top of his house. But 
when the cranks are only at a small height above 
the pumps, the pistons must be moved by vi- 
brating levers, as in the above engine at Blen- 
heim ; and the longer the levers are, the nearer 
will the strokes be to a perpendicular. 




cuisine. 
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ucT. Let us suppose, that in such an engine as Sir 
V- James Creed's, the great wheel is 1 2 feet diame- 
ru^^ ^^^9 Ae trundle 4 feet, and the radius or length 
ttty of wa- of each crank 9 inches, working a piston in its 
^^ pump. Let there be three pumps in all, and 
nited by the bore of each pump be four inches diameter, 
m hone Then, if the great wheel has three times as many 
"^" cogs as the trundle has staves, the trundle and 
crwks will go three times round for each revo- 
lution of the horses and wheel, and the three 
cranks will make nine strokes of the pumps in 
that time, each stroke being 1 8 inches (or double 
the length of the crank) in a four-inch bore. 
Let the diameter of the horse-walk be 1 8 feet,* 
and the perpendicular 4|eight to which the wa- 
ter is raised above the surrace of the well be 64 
feet. 

If the horses go at the rate of two miles an 
hour (which is very moderate walking), they 



^ The diameter of the horse-walk should never be less 
thsji forty feet, when the nature of the place will permit; 
for when it is only 18 feet, the horse will pull with scarcely 
tne half of his strength. A considerable portion' of the 
animal's force is wasted in continually bending itself 
into the circular path ; and the power thus lost, evi- 
dently decreases with the length of the lever. The most 
advantageous direction^ tooy in which any animal can exert 
its strength, is at right angles to the lever which it moves, 
or in the tangent to its circular walk ; and it is sufEciently 
obvious, that as you lengthen the levbr, or the radius of 
the horse's orbit, the line of traction approaches nearer and 
nearer the tangent. The ingenious Mr. O. Gregory of 
Woolwich, observes, that in large circular walks, the 
velocity, and consequently the friction, of the gndgeons, is 
diminished ; but though this be the case, there must be an 
increase of velocity, and therefore of friction, in some other 
part of the machinery, in order to produce the proper ener« 
gy at the working point of the machine.— £o« 
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jdU turn the great ..heel 187 times round in an x^- 
hour. ^__ 

In each turn of the wheel the pistons make 9 
strokes in the pumps, which amount to 1683 in 
an hour. 

Each stroke raises a column of water 18 
inches long, and four inches thick, in the pump- 
barrels ; which column, upon the descent of the 
piston, is forced into the main pipe, whose per- 
pendicular altitude above the surrace of the well 
IS 64 feet. 

/ Now, since a column of water 18 inches 
long, and 4 inches thick, contains 226. 1 8 cubic 
inches, this number multiplied by 1683 (the 
strokes in an hour), gives 380,661 for the num- 
ber of cubic inches of water raised in an hour. 

A gallon, in wine measure, contains 231 
cubic mches, by which divide 380,66], and it 
quotes 1468 in round numbers, for the num- 
ber of gallons raised in an hour ; which, divided 
^Y 63j gives 264- hogsheads. — If the horses go 
faster, me quantity raised will be so much the 
greater. 

In this calculation it is supposed that no wa^ 
ter is wasted by the engine. But as no forcing 
engine can be supposed to lose less than a fifth 
part of the calculated quantity of water, be- 
tween the pistons and barrels, and by the open- 
ing and shutting of the valves, the horses ought 
to walk almost 2- miles per hour, to fetch up 
this loss. 

A column of water 4 inches thick, and 64 
feet high, weighs 349^ pounds avoirdupois, 
or 424y^ pounds troy ; and this weight, toge- 
ther with the friction of the engine, is the resist- 
ance that must be overcome by the strength of 
the horses. 
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The horse>tackIe should be so contrived, that 
the horses may rather push on, than drag the 
levers after diem. For if they draw, in going 
round the walk, the outside leather straps will 
rub against their sides and hams, which will 
hinder them from drawing at right angles to the 
levers, and so make them pull at a disadvan- 
tage. But if they push the levers before their 
breasts, instead of dragging them, they can al- 
ways walk at right angles to these levers.^ 

It is nowise material what the diameter of the 
main or conduit pipe be ; for the whole resist- 
ance of the water therein, against the horses, 
will be according to the height to which it is 
raised, and the diameter of that part of the 
pump in which the piston works, as we have al- 
ready observed. So that by the same pump, an 
equal quantity of water may be raised in (and 
consequently made to run from) a pipe of a foot 
diameter, with the same ease as in a pipe of five 
or six inches ; or rather with more ease, because 
its velocity in a large pipe will be le^s than in a 
small one ; and therefore its friction against the 
sides of the pipe will be less also. 

And the force required to raise water depends 
not upon the length of the pipe, but upon the 
perpendicular height to which it is raised there- 
in above the level of the spring. So that the 
same force which would raise water to the hdght 
Fig. s- ^Bj ia, the upright pipe Aiklmnopq By will 



' The advantages arising from the horse's walking at 
right angles to the levers* cannqt compensate for the loss 
ofpower which will inevitably accompany the mode of ac- 
tion recommended by our author. It is unquestionably 
true, that a horse will exert much more force in dragging 
a load, th^Q in pushing it before kim.-*£B. 
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raise it to the same hdght or level fi 7 A in the jlegt. 
oblique pipe AEFGH. For the pressure of ^" 
the water at the end A of the latter, is no more ' 
than its pressure against the end ^ of the 
former. 

The weight or pressure of water at the* lower 
end of the pipe, is always as the sine of the 
angle to which the pip^ is elevated aix)ve the 
level parallel to the horizon. For, althoi^h 
the water in the upright pipe AB would re- 
quire a force applied immediately to the lower 
end A equal to the weight of all die water in it, 
to support the water, and a little more to drive 
it up, and out of tbe pipe } yet, if that pipe be 
inclined from its upright position to an angle of 
90 degrees (as in ^ 80) the force required to 
support or to raise the same cylinder of water, 
will then be as much less, as tne sine 80 A is 
less than the radius AB; or as the sine of 80 
degrees is less than the sine of 90. And so on, 
decreasing as the sine of the angle of elevation 
lessens, until it arrives at its level A C or place 
of rest, where the force of the water is nothing 
at either end of the pipe. For, although the ab- 
solute weight of the water is the same m all po* 
sitions, yet its pressure at the lower end de- 
creases, as the sine of the angle of elevation de- 
creases ; as will appear plainly by a farther con- 
sideration of the figure. 

Let two pipes, A B and A C, of equal lengths 
and bores, join each other at A ; and let the 
pipe AB he divided into 100 equal parts, as 
the scale S is ; whose length is equal to the 
length of the pipe. — Upon this length, as a ra- 
dius, describe the quadrant B CD, and divide 
it into 90 equal parts or degrees* 
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Let the pipe AC h^ elevated to 10 degrees 
upon the quadrant^ and filled with water ; then, 
part of the water that is in it will rise in the 
pipe A Bj and if it be kept full of water, it will 
raise the water in the pipe AB from A to i; 
that i$j to a level t 10 with the mouth of the 
pipe at 10: and the upright line ti 10, equal to 
Aiy will be the sine of 10 degrees elevation ; 
which being measured upon the Scale Sy will be 
about 17*4 of such parts as the pipe contains 
100 in length : and therefore, the force or pres- 
sure of the water at A, ia the pipe A lOj will 
be to the force or pressure at ^ in the pipe A By 
as 17.4 to 100. • 

Let the same pipe be elevated to 90 degrees 
in the quadrant, and if it be kept full of water, 
part of the water will run into the pipe A By 
and rise therein to the heieht A ky which is equal 
to the length of the upright line b 20, or to the 
sine of 20 degrees elevation ; which, being mea- 
sured upon the scale 5, will be 34.2 of such 
parts as the pipe contains 100 in length. And, 
therefore, the pressure of the water at Ay in the 
fiill pipe A 20, will be to its pressure, if that 
pipe were raised to the perpendicular situation 
ABy 2is 34.2 to 100. 

Elevate the pipe to the position A 30 on the 
quadrant, and if it be supplied with water, 'the 
water will rise from it into the pipe A By to 
the height Aly or to the same level with the 
mouth of the pipe at 30. The sine of this ele- 
vation, or of the angle of 30 degrees is c 30 ; 
which is just equal to half the length of the 
pipe, or to 50 of such parts of the scale, as the 
length of the pipe contains 100. Therefore, 
the pressure of the water at Ay in a pipe ele- 
vated 30 degrees above the horizontal level. 
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will be equal to one half of^ what it would be, lect. 
if the same pipe stood upright in the dtuation ^* 
AB. 

And thus, by elevating the pipe to 40, SOj 
60, 70, and 80 degrees on the quadrant, the 
sines of these elevations will be d 40, e 50,y*60, 
g 70, and A 80; which will be equal to the 
heights Am^ An^ Aoy Apy and Aq : and these 
heights measured upon the scale S will be 64.3^ 
76.6, 86.6, 94.0, and 98.5 ; which express the 
pressures at A in all these elevations, consider- 
ing the pressure in the upright pipe AB^ as 
100. 
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LECT. 
V. 


Sine of 


Parts. 


Sine of 


Fftrts. 


Sine of 


P«rtt. 




D. 1 


17 


D.31 


515 


D.61 


875 




2 


35 


32 


530 


62 


883 




3 


52 


33 


545 


63 


891 




4 


70 


34 


559 


64 


899 




5 


87 


35 


573 


65 


906 




6 


104 


36 


588 


66 


913 




7 


122 


37 


602 


67 


920 




8 


139 


38 


6l6 


68 


927 


■ 


9 


156 


39 


629 


69 


934 




10 


174 


40 


643 


10 


940 




11 


191 


41 


656 


71 


945 




12 


208 


42 


669 


72 


951 




13 


225 


43 


682 


73 


956 




14 


242 


44 


695 


74 


961 




15 


259 


45 


707 


75 


966 




16 


276 


46 


719 


76 


970 




17 


292 


47 


731 


77 


974 




18 


309 


48 


743 


78 


978 




19 


325 


49 


755 


79 


982 




20 


342 


50 


766 


80 


985 




21 


358 


51 


777 


81 


988 




22 


375 


52 


788 


82 


990 




23 


391 


53 


799 


83 


992 




24 


407 


54 


809 


84 


994 




25 


423 


55 


819 


85 


996 




26 


438 


56 


829 


86 


997 




27 


454 


57 


839 


87 


998 




28 


469 


58 


848 


88 


999 




29 


485 


59 


857 


89 


1000 




30 


500 


60 


866 


90 


1000 



Because it may be of use to have the lengths 
of all the sines of a quadrant from O degrees 
to 90, v/e have given the foregoing table, shew- 
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mg the length of the sine of every degree in lect. 
such parts as the whole pipe (equal to the radius ^* 
of the quadrant) contains 1000. Then the 
sines will be integral or whole parts in length* 
But if you suppose the length of the pipe to 
be divided only into 100 equal parts, the last 
figure of each part or sine must be cut off as a 
decimal ; and then those which remain at the 
left hand of this wparation will be integral or 
whole parts. 

Thus, if the radius of the quadrant (sup 
posed to be equal to the length of the pipe A C) 
be divided into 1000 equal parts^ and the ele^ 
T^tion be 45 degrees, the dne of that elevation 
will be equsi to 707 oC these parts : but if the 
radius be divided only into 100 equal parts, the 
same sine will be only 70.79 or 70^ of these 
parts. For, as 1000 is to 707, so is 100 tp 
70.7 

As it is of great importance to all engine- 
makers, to know what quantity and weight of 
water will be contained in an upright round 
pipe of a given diameter and height ; so as by 
knowing what weight is to be raised, they may 
proportion their engines to the force which they 
can afibrd to work them, we shall subjoin tables 
shewing the number of cubic inches of water 
contained in an upright pipe of a round bore, of 
any diameter from one inch to six and a half; 
and of any height from- one foot to two hundred: 
together with the weight of the said number of 
cubic inches, both in troy and avoirdiipois 
oimces. The number of cubic inches divUed 
by 231, will reduce the water to gallons in wine 
measure; and divided by 282, will reduce it 
to the measure of ale gallons.. Also, the troy 

roi. I. L 
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ounces divided by 12, will reduce the veigbt to 
troy pounds : and the avoirdupois ounces divid- 
ed by 16, will reduce die weight to avoirdupois 
pounds.^ 

Antl here I must repeat it again, that the 
weight or pressure of the water acting against 
the power that works the engine, must always 
be estunated according to the perpendicular 
height to which it is to be raised, without any 
regard to the length of the conduit-pipe, when 
it has an oblique position , and as if the diame- 
ter of that pipe were just equal to the diameter 
of that part of the puxx^ in which the piston 
works. Thus, by the following tables, the press- 
ure of the water, against an engine whose pump 
is of a 4f inch bore, and the perpendicular 
height of the water in the conduit-pipe is 80 
feet, will be equal to S057.5 troy ounces, and to 
8848.2 avoirdupois ounces; which makes 671.4 
troy pounds, and 553 avoirdupois. 

For any bore whose diameter exceeds 64. 
inches, multiply the numbers on the following 
page, against any height (belonging to 1 inch 



^ The contents of pipes of any size may be measured 
by the following short and easy method. — Square the 
diameter of the pipe in inches, and the product will be the 
number of pounds of water, ayoirdapois, contained in every 
yard's length of the pipe. If the last figure of this product 
be cut oSfOr considered as a decimal^ the remaining figures 
will give the number of ale-gallons in a yard's length of the 
pipe ; and if the product consist only of one figure, this 
figure will be tenths of an ak-gallon. The number of ale- 
gallons divided by 282| will give ^he number of cubic 
mches in every three feet of the pipe ; and the contents of 
a pipe of a greater or less length may be found by propor- 
tion.-^Eo. 



i 
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diameter) by the square of the diameter of the lect. 
given bore, and the products will be the num- ^- 
ber of cubic inches, troy ounces, and avoirdu- 
pois ounces of water, that the given bore vn\l 
contain. 
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Hifdrostatical TabU$, 



LECT. 
V. 




1 Inch diameter. 




-V^ 


Feet 


Quantity in 
cubic indiei. 


Weigiutn 


In avoirdu. 




hi'^ 


troy ounce*. 

1 


pou ounce*. 




1 


9.42 


4.97 


5.46 




2 


18.85 


9.95 


10.92 




3 


28.27 


14.92 


16.38 




4 


87.70 


19.89 


21.85 


\ 


5 


47.12 


24.87 


27.81 




6 


56.55 


29.84 


32.77 




7 


65.97 


34.82 


38.23 




8 


75.40 


39.79 


43.69 




9 


84.82 


44.76 


49.16 




10 


94.25 


49.74 


54.62 




20 


188.49 


99.48 


109.24 




30 


282.74 


149.21 


163.86 




40 


376.99 


198.95 


218.47 




50 


471.24 


248.69 


273.09 




60 


565.49 


298.43 


327.71 




70 


659.73 


348.17 


382.33 




80 


753.98 


397.90 


436.95 




90 


848.23 


447.64 


491.57 




100 


942.48 


497.38 


546.19 




200 


1884.96 


994.76 


1092.38 



£l AM TLZ.-^Xffmired the numher •/ eukit imthts^ mmd tht vm^ •/ tbt na- 
tcTy in am upright flpt 2j9fitthigh, and \\ inches Stameter ? 

Here the nearest tingle deci- 
mal figure it only taken into the 
account: and the whole heing 
reduced by dlTitioo, amounts to 
%S\ wine gallont in measure ; to 
^S9i poundt troy, and to ai3) 
pouadi aYoirdupoit. 



Cabk 
Feet, inches. 
SOO 4241.1 
70 1484.4 

8 169.6 


Troy 
ot 

2238.2 

783.3 

89.5 


Avoird. 
ox. 

2457.8 

860.2 

98.3 


Ant. 278 5895.1 


3111.0 


3416J 
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14- Inch diameter. 




Feet 


Qtnntity in 


Weight in 


In avoirdu- 


high. 


cubic inche*. 


troy ouncet. 


poit ounce*^ 


1 


21.21 


11.19 


12.29 


2 


42.41 


22.38 


24.58 


3 


63.62 


33.57 


36.87 


4 


84.82 


44.76 


49.16 


S 


106.03 


55.95 


61.45 


6 


127.23 


67.15 


73.73 


7 


147.44 


78.34 


86.02 


8 


169.65 


89.53 


98.31 


9 


190.85 


100.72 


110.60 


10 


212.06 


111.91 


122.89 


20 


424.12 


223.82 


245.78 


SO 


^6.17 


335.73 


368.68 


40 


848.23 


447.64 


491.57 


50 


1060.29 


559.55 


614.46 


60 


1272.35 


671.46 


737.35 


70 


1484.40 


783.37 


860.24 


80 


1696.46 


895.28 


983.14 


90 


1908.52 


1007.19 


1 106.03 


100 


2120.58 


1119.10 


1228.92 


200 


4241.15 


2238.20 


2457.84 




These tabks were at first calculated to six 
decimal places, for the sake of exactness : but, 
in transcribing them, there are no more than 
two decimal figures taken into the account, and 
sometimes but one ; because there is no neces- 
sity for computing to hundredth parts of an inch 
or of an ounce in practice. And, as they never 
appeared in print before, it may not be amjiss 
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Hydrottaticed Tables, 



2 Inches diameter. } 


Feet 


Quantitrinl Weight ia 1 


In ayoirdu- 


high, cubic inches.t 


troy ottnces. 


poM ounces. 


I 


37.70 


19.89 


21.85 


2 


75.40 


39.79 


43.69 


3 


113.10 


59.68 


65.54 


4 


150.80 


79.58 


87.89 


5 


188.50 


99.47 


109.24 


6 


226.19 


119.37 


131.08 


7 


263.89 


139.26 


152.93 


8 


301.59 


159.16 


174.78 


9 


. 339.29 


I79.O6 


196.63 


JO 


376.99 


198.95 


218.47 


20 


753.98 


397.90 


436.95 


30 


1130.97 


596.85 


655.42 


40 


1507.97 


195.90 


873.90 


50 


1 884.96 


994.75 


1092.37 


60 


2261.95 


1 ] 93.70 


13ia85 


70 


2638.94 


1392.65 


1529.32 


80 


3015.93 


1591.60 


1747.80 


90 


3392.92 


1790.56 


1966.27 


100 


' 3769.91 


1989.51 


2184.75 


200 


7539.82 


3979.00 


4369.50 



to give the reader an account of the principles 
upon which they were constructed. 

The solidity of cylinders are found by mul- 
tiplying the areas of their bases by theur alti- 
tudes. And Archimedes gives the follow- 
ing proportion for finding the area of a circle, 
and the solidity of a cylinder raised upon that 
circle: 

3 
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^ Inches diameter. 


Feet 


Quantity in 


Weight in 


In avoirdu- 


hig h. 


cubic inchca. 


troy ounces. 


pois ounces. 


1 


58.90 


31.08 


34.14 


2 


117.81 


62.17 


68.27 


S 


176.71 


93.26 


102.41 


4 


235.62 


124.34 


136.55 


5 


294.52 


155.43 


170.68 


6 


S5S.43 


186.52 


204.82 


7 


412.33 


217.60 


238.96 


8 


471.24 


248.69 


273.09 


9 


530.14 


279.77 


307.23 


10 


589.05 


310.66 


341.37 


ao 


1178.10 


621.72 


682.73 


so 


1767.15 


932.58 


1024.10 


40 


2356.20 


124S.44 


1365.47 


SO 


2545.25 


1554.30 


1706.83 


60 


3534.29 


1865.16 


2048.20 


70 


4123.34 


2176.02 


2389,57 


80 


4712.39 


2486.88 


2730.94 


90 


5301.44 


2797.74 


3072.30 


100 


5890.49 


3108.60 


2413.67 


200 


11780.98 


6217.20 


4827.34 



LECr. 
V. 



As 1 is to 0.785399, so is the square of the 
diameter to the area of the circle. And as 1 
is to 0.785399, so is the square of the diameter 
multiplied by the height to the solidity of the 
cylinder. By this analogy the solid inches and 
parts of an inch in the tables are calculated to 
a cylinder 200 feet high, of any diameter from 
1 inch to 6y, and may be continued at plea- 
sure. 



ifis 



Uyirotteakal Tablet. 






3 Inches diameter. 


1 


Feet 


Quantity in 


Weight in 


\n aToirSn* 


higfc. 


cubic inche*. 


troj ounces. 


poM ounces. 


1 


84.8 


44.76 


49.16 


3 


169.6 


89.53 


98.31 


3 


254.5 


134.29 


147.47 


4 


839.3 


179.06 


196.63 


5 


424.1 


283.88 


845.78 


6 


508.9 


868.58 


894.94 


* 


593.7 


313.35 


344. lO 


8 


698.6 


358.11 


393.85 


9 


763.4 


408.87 


448.41 


10 


848.8 


447.64 


491.57 


ao 


1696.5 


895.88 


983.14 


so 


> 8544.7 


1348.92 


1474.70 


40 


3398.9 


179a56 


1966.87 


50 


4241.1 


8838.19 


8457.84 


60 


5089.4 


8685.83 


2949.41 


70 


5987.6 


3133.47 


8440.98 


80 


6785.8 


3581.11 


3938.55 


90 


7634.1 


4088.75 


4484.18 


100 


8482.3 


4476.39 


4915.68 


200 


16964.6 


8952.78 


9831.36 



And, as to the weight of a cubic fi^ot of nm- 
ninewater, it has been often ifound upon trials 
by Dr. Wyberd and others, to be 70 poimds 
txojj^ which is equal to 62.5 pounds avoirdu- 
ThewcSfhipois. Therefore, since there are 1,728 cul^c 
*^ter!^' Miches in a cubic foot, a troy ounce of water 
contams 1.8949 cubic inch; and an avoir^u- 
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. 


87 Inches diameter. 1 


Feet 


Quantity in 


Weight in 


In avoirdu- 


high. 
1 


j cubic inches* 


troy ouncet. 


pois ounces. 


115.4 


60.9 


66.9 


2 


280.9 


121.8 


133.8 


S 


846.4 


182.8 


200.7 


4 


461.8 


243.7 


267.6 


5 


577.3 


304.6 


334.5 


6 


692.7 


365.6 


401.4 


7 


808.2 


426.5 


468.4 


8 


923.6 


487.4 


535.3 


9 


1039.1 


548,4 


602.2 


10 


1154.5 


609.3 


669.1 


20 


2309.1 


1218.6 


1338.2 


30 


3463.6 


1827.9 


2007.2 


40 


4618.1 


2437.1 


2676.3 


SO 


5772.7 


3046.4 


3345.4 


60 


6927.2 


3655.7 


4014.5 


70 


8081.8 


4265.0 


4683.6 


80 


9236.3 


4874.3 


5352.6 


90 


10390.8 


5483.6 


6021.7 


100 


1 1545.4 


6092.9 


6690,8 


200 


23090.7 


12185.7 


13381v5 




pois ounce W Abater 1.72556 cubic inch.^ Con- 
sequently, if the number of cubic inches con- 
taine4 in any given cylinder^ be divided by 



^ It appesurs from die accurate experimentt of Mr. 
Iveracd, balancc-madccr to the Exchequer, that a troy 
^unce of rain water, or distilled water, at tlie temperature 
•f 55** of Fahrcnheity contains. I.8959 cubical ]nches«-r« 
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4 Inches diameter. 


> 


Fe« 


Quantitj in 


Weight in 


la avoirdn- 


high. 


cubic inche*. 


troy ounces. 


poM ounces. 


1 


150.8 


79.6 


87.4 


2 


S01.6 


159.2 


174.8 


S 


452.4 


238.7 


262.2 


4 


603.2 


318.3 


349.6 


5 


754.0 


397.9 


436.9 


6 


yi/4?«o 


477.5 


524.3 


7 


1055.6 


557.1 


611.7 


8 


1206.4 


636i6 


699.1 


9 


1357.2 


716.2 


786.5 


10 


1508.0 


795.8 


873.9 


20 


3115.9 


1591.6 


1747.8 


SO 


4523.9 


. 2387.4 


2621.7 


40 


6031.9 


3183.2 


3495.6 


50 


7539.8 


3997.0 


4369.5 


60 


9047.8 


4774.8 


5243.4 


70 


10555.8 


5570.6 


6117.3 


80 


12063.7 


6366.4 


6991.2 


90 


13571.7 


7162.1 


7865.1 


100 


15079.7 


7958.0 


8739.0 


200 


30159.3 


15916.0 


1 7478.0 



enpne* 



1,8949, it will give the weight in troy ounces; 
and divided by I •72556 will give the weight in 
avoirdupois ounces. By this method, the weights 
shewn in the tables were calculated; and are 
near enough for aiiy common practice. 

Thcjire-engiht comes next in order to be ex- 
plained; but as it vvomW '^e difficult, even by 
the best plates, 10 ;i\x a particular description 
of its several parte ;, ^,^ a.^ :o make the whole in- 
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47 Inches diameter, 


1 


Feet 


Quantity in 


Weight in ^ 


In aToirdii- 


high. 


cubic inches. 


troy ounce*. ! 


pois ounces* 


1 


190.8 


100.7 


110.6 


2 


881.7 


201.4 


221.2 


3 


572.6 


302.2 


331.8 


4 


763.4 


402.9 


442.4 


5 


954.3 


503.6 


553.0 


6 


1145.1 


604.3 


663.6 


7 


1338.0 


705.0 


774.2 


8 


1526.8 


805.7 


884.8 


9 


1717.7 


906.5 


995.4 


10 


1908.5 


1007.2 


1106.0 


20 


3817.0 


2014.4 


2212.1 


30 


5725.6 


3021.6 


3818.1 


40 


7634.1 


4028.7 


4424.1 


50 


9542.6 


5035.9 


5520.1 


60 


11451.1 


6043.1 


6636.2 


70 


13359.6 


7050.3 


7742.2 


80 


15268.2 


8057.5 


3848.2 


90 


17176.7 


9064.7 


9954.3 


100 


19085.2 


10071.9 


11060.3 


200 


38170.4 


20143.8 


22120.6 



JLECT- 

V.' 



1 



telligibie, I shall only explain the principles up- 
on which it is constructed.® 

1 . Whatever weight of water is to be raised, 
the pump rod must be loaded with weights suf- 



* For a description and drawing of the JSre^ngme or 
iteam-engine^ as it is now, with more propriety calfed^ see 
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S Inches diameter^ 


% 


Feet; 


Quantity in 


Weight in 


In avoinhi-i 


high. 


cubic tochefc 


troy ounce*. 


{KM* ounces. 


1 


2S5.6 


124.3 


136.5 


2 


471.2 


248.7 


273.1 


S 


706.6 


373.0 


409.6 


- 4 


942.5 


467.4 


546.2 


5 


1178.1 


621.7 


682.7 


6 


1413.7 


7>*B.l 


819.3 


7 


1649.S 


870.4 


955.8 


8 


1885.0 


994.8 


1092.4 


9 


2120.6 


1119.1 


1228.9 


10 


2356.2 


1243.4 


1365.5 


20 


4712.4 


2486.9 


2730.9 


SO 


7068.6 


3780.3 


4096.4 


40 


9424.8 


4973.8 


5461.9 


50 


1 1780.0 


6217.2 


6827.3 


60 


14137.2 


7460.6 


8192.8 


70 


16493.4 


8704.1 


9558.3 


80 


18849.6 


9947.5 


10923.7 


90 


21205.8 


11191.0 


12289.2 


100 


23562.0 


12434.4 


13654.7 


200 


47124.0 


24868.8 


27809.3 



ficient for that purpose, if It be done by a fore** 
ing pump, as is generally the case; and the 
power of the engine must be sufficient for the 
weight of the rod, in order to bring it up. 

2. It is known that the atmosphere presses 
upon the surface of the earth with a force equal 
to 15 pounds upon every square inch. 

3. When water is heated to a certain degree, 
the particles thereof repel one another, and con- 
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5-|- Inches diameter 


• 


, Feet 


Quantity in Weight in | 


In avoirdu- 


high. 


cnbic inchea.: 


tray ounce*. 


poMounce*. 


1 


285.1 


150.5 


164.3 


2 


570.2 


300.9 


328.5 


S 


855.3 


451.4 


492.8 


4 


1140.4 


601.8 


657.1 


5 


1425.5 


752.8 


821.3 


6 


1710.6 


902.7 


985.6 


7 


1995.7 


1053.2 


1149.9 


8 


2280.8 


1203.6 


1314.2 


9 


2565.9 


1354.1 


1478.4 


10 


2851.0 


1504.6 


1642.7 


20 


5702.0 


3009.1 


3285.4 


SO 


8553.0 


4513.7 


4928.1 


40 


11404.0 


6018.2 


6570.8 


50 


14255.0 


7522.8 


8213.5 


60 


17106.0 


9027.4 


9856.2 


70 


19957.0 


10531.9 


11498.9 


80 


22808.0 


12036.5 


13141.6 


90 


25659.0 


13541.1 


14784.3 


100 


28510.0 


15045.6 


16426.9 


200 


57020.0 


30091.2 


32853.9 




sdtute an elastic fluid, Avhich is generally called 
steam or vapour. 

4. Hot steam is very elastic : and when it is 
cooled by any means, particularly by its being 
mixed with cold water, its elasticity is destroy- 
ed immediately, and it is reduced to wUer 
again. 

5. If a vessel be fjHed with hot steam, and 
then closed, so as to keep out the external air. 
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6 Inches diameter. 

■ 




Feet 


Quantity ip 


Weight in 


In SToirdu* 


high. 


cubic inchn. 


troy ounce*. 


pois ounces. 


1 


339.S 


179.1 


196.6 


2 


678.6 


358.1 


393.3 


3 


1017.9 


537.2 


589.9 


4 


1357.2 


716.2 


786.5 


5 


1696.5 


895.3 


983.1 


6 


'2035.7 


1074.3 


U79.8 


7 


2375.0 


I25S.4 


1376.4 


8 


2714.3 


1432.4 


1578.0 


9 


3053.6 


1611.5 


1769.6 


10 


3392.9 


1790.6 


1966.3 


20 


6785.8 


3581.1 


3932.5 


30 


10178.8 


5371.7 


5898.8 

w 


40 


13571.7 


7162.2 


7865.1 


50 


1 6964.6 


8952.8 


9831.4 


60 


20357.5 


10743.3 


11797.6 


70 


23750.5 


12538.9 


13763.9 


80 


24143.7 


14324.4 


15730.2 


90 


30536.3 


16115.0 


17696.5 


100 


33929.2 


17905.6 


19662.7 


300 


67858.4 


35811.2 


39325.4 



and all other fluids ; when that steam is by any 
means condensed, cooled, or reduced to water, 
tluzt water will fall to the bottom of the vessel ; 
and the cavity of the vessel will be almost a per* 
feet vacuum. 

6. Whenever a vacuum is made in any vessel, 
the air by its weight will endeavour to rush into 
the vessel, or to drive in any other body that 
will give way to its pressure : as may be easily 
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67 Inches diametei 


• 


Feet 


Quantity in 


Weight in 


In avoirdu- 


high. 


cubic inches. 


troy ounces. 


pois ounces. 


1 


398.2 


210.1 


230.7 


2 


797.4 


420.2 


461.4 


S 


1 195.6 


630.4 


692.1 


4 


1593.8 


840.6 


922.8 


5 


1991.9 


1050.8 


1 153.6 


6 


2390.1 


1260.9 


1384.3 


7 


2788.3 


1471.1 


1615.0 


8 


3186.5 


1861.2 


1845.7 


9 


3584.7 


1891.3 


2076.4 


10 


3982.9 


2101.5 


2307.1 


20 


7965.8 


4202.9 


4614.3 


SO 


11948.8 


6304.4 


6921.4 


40 


15931.7 


8405.9 


9228.6 


50 


19914.6 


10507.4 


11535.7 


60 


23897.9 


12608.9 


13842.9 


70 


27880.5 


14710.4 


16150.0 


80 


31863.4 


16811.8 


18457.2 


90 


35746.3 


18913.3 


20764.3 


100 


39829.3 


21014.8 


23071.5 


200 


79658.6 


42029.6 


46143.0 




seen by a common syringe. For, if you stop 
the bottom of a syringe, and then draw up the 
piston, if it be so tight as to driv6 out all the air 
before it, and leave a vacuum within the syringe, 
the piston being let go will be driven down with 
a great force. 

7. The force virith which the piston is driven 
down, when there is a vacuum under it, will be 
as the square of the diameter of the bore in the 
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Lscr. syringe : that is to say, it will be driven down 
^' ^ with four times as much force in a syringe of a 
two-inch bore^ as in a svringe of one inch ; for 
the areas of circles are always as the squares of 
their diameters. 

8. The pressure of the atmosphere being 
equal to 15 pounds upon a square inch^ it wiu 
be almost equal to 12 pounds upon a circular 
inch. So that, if the bore of the syringe be 
round, and one inch in diameter, the piston will 
be pressed down into it by a force nearly equal 
to ] 2 pounds ; but if the bore be two inches 
diameter, the piston will be pressed down with 
four times that force. 

And hence it is easy to find with what force 
the atmosphere presses upon any given number, 
either of square or circular inches. 

These being the principles upon which this 
engine is constructed, we shall next describe 
the chief working parts of it, which are, 1, A 
boiler ; 2, A cylinder and piston ; S, A beam or 
lever. 

The boiler is a large vessel made of iron or 
copper; and commonly so big as to contain 
about 2000 gallons^ 

llie cylinder is about 40 inches diameter, 
bored so smooth, and its leathered piston fitting 
so close, that little or no water can get between 
the piston and sides of the cy linden 

Things being thus prepared, the cylinder is 
placed upright, and the shank of the piston is 
fixed to one end of the beam^ which turns on a 
centre like a common balance. 

ITie boiler is placed under the cylinder, with 
a communication between them, which can be 
opened and shut occasionally. 

The boiler is filled about half full of water. 
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and a strox^ fire k placed under it : then, if the uet. 
communication between the boiler and the cy« ^' 
Under be opened, the cylinder will be filled with 
hot steam ; which would dkive the piston quite 
out at the top of it. But there is a contnvance 
by which ;the beam, when the piston is near the 
top of the cylinder, shuts the commtmication at 
the top of the boiler within. 

This is no socmev shut, than another is open- 
ed, by which a little cold water is thrown up- 
ward in a jet into the cylinder^ which mixing 
with the hot steam, condenses k immediatelr ; 
by which means a vacuum is made Ih the cyhn- 
der, and the piston is pressed down by the \^eidit 
of the atmosphere, and so lifts up the loaded 
pump-rod at the other end of the b^un. 

If the cylinder be 42 inches m diameter, the 
piston will be pressed down with a force greater 
than 20,000 pounds, and will consequently lift 
up that weight at the opposite end of the beun t 
and as the pump»rod with its plunger is fixed 
to that end, if the bore where the plunger works 
were 10 inches diameter, the water would he 
forced up through a pipe of 1 80 yards perpen« 
dicular height. 

But, as the parts of thb engine have a good 
deal of fricdon, and must work widi a consider- 
able velocity, and as there is no such thing as 
making a perfect vacuum in the cylinder, it ]$ 
found that no more than 8 pounds of pressure 
must be allowed for, on every circular inch of 
the piston in the cylinder, that it may make 
about 16 strokes in a minute, about 6 feet 
each. 

Where the boiler is very largei the piston will 
make between 20 and 25 strokes in a minute. 
Mid each stroke 7 or 8 feet ; which, in a pum|> 

FoL I. M 
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LECT. of 9 inches bore, will raise upward of SOO hog$- 
^' heads of water in an hour. 

It is found by experience that a cylinder, 40 
inches diameter, will work a pump 10 inches 
diameter, and 100 yards long; and hence we 
can find the diameter and lengSh of a pump, that 
can be worked by any other cylinder. 

For the convenience of those who would 
make use of this engine for raising water, we 
shall subjoin part of a table, calculated bv Mr. 
Beighton, shewing how any given quantity of 
water may be raised in an hour, from 48 to 400 
hogsheads, at any given depth, from 15 to 100 
yards ; the machine working at the rate of 1 6 
strokes per minute, and each stroke being 6 feet 
long. 

One example of the use of this table will 
make the whole plain. Suppose it were required 
to draw 100 hogsheads per hour, at 90 yards 
depth: in the second column from the right 
hand, I find the nearest number, viz. 149 hogs- 
heads 40 gallons, against which, on the right 
hand, I find the diameter of the bore of the pump 
must be 7 inches ; and in the same collateral 
line, under the given depth QO, I find 27 inches, 
the diameter of the cylinder fit for that purpose. 
— And so on for any other. 



HgdraJk Table, 



3 

< 

1 
1 

H 
K 

i 

s 

g 
1 

ic 

M 

E 
5 


Thit table Is calculated to the measure of ale 
galloDt, at 282 cubic inchCK per galloa. 
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IBO 0/ Hjj/iraulic S^gines. 

IMCT. Water may be laiaed bf meam of a Mmm 
^- jtfJStarning aixrhed /7D£!» according to the 
^^;. order oF the letters^ vith buckets a, a, a, a, &c» 
XIII. hung upon the wheel by strong pins bj b, b^ 6» 
2^J^, &c. fixed in the side of &e rim: but the whed 
must be made as high as th^ water is intended 
to be raised above the level of that part of the 
stream la wlucfa the wheel is placed. As the 
wheel tunis^ die buckets on At rkht hand go 
down into the watfer, and are £llea tberewim, 
and go uip Mk ^a die left haod, iwdl they come 
to tjie top at K:: where they adrike against the 
end n of the fixed trough My and are thereby 
tTverset, and empty die water into the trough ; 
iram which it may be coatveyed ii pipes to the 
place which it is des^ned Gor^ and as eadi 
imcket gets over die trough^ it falls into a per* 
pendicufar position sigwi^ and goes down^empty^ 
4mdi it conies to die water aot Jf , where it is fill- 
•ed as before. On each bucket is a spring r^ 
which goes over the top or cnown of the bar m^ 
(fixed to ike trough M) raises the bottom of 
the bucket above me levd <^ its months and so 
causes it to empty afl its water into the trough. 

Sometimes this wheel is made to raise water 
no h%her thMi iis ade; and then^ instead of 
buckets hmu^ upon it, its spokes C, ^ e^fj e, k^ 
are made oi a bent fbrm^ and hollow within ; 
these hollows opening into the holes C» D, £, jP, 
in the outside of the wheel, and also into those 
at in the box N upon the axle. So that, as 
the holes C, i>, &c. dip mto the water, it runs 
into them ; and, as the wheel turns, the water 
rises in the hoHow spokes, c, d^ &c and runs 
out in a stream P from the holes at O, and falls 
into the trough Q, from whence it is conveyed 
by pipes. AaA tins is a very easy way of rais- 
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lag water, bcensse the engine reqtarts^^ no anip- utct. 
loal power to tun it/ ^^ ^ 

The art of we^^bing different bodies ia water^^Jf^ ,p^ 
and thereby fiodiig their sj^edfic gravities,^ orcificgn- 
wcjgfats, bulk fiMT hulk) wa» invented I^ Ab- ^^^ 
CHIM£D£& ; of vAoxh we have the £ollQwing ac^ 
OQunt: — 

Hiera, king of Syxacuse, havuig employed a 
^)ldsnuth toi uaake a crown, and given him a 
man of pure gold for that purpose, suspected 
that the workman had kept back part of the 
gold for his own uae^ and ixiade up the weight 

* Those who are anxious ta be farther acquainted with 
tfie coDstmction of hydraulur engines, may consult Faire 
im^ k MiMu^ Jfyi^mtUqmsy Rmhs^ 17^> 't'% which con* 
taina » complete view of the theoxy and coostruction of 
watciwmills^ A dcicriptioa and eomTiog of th« Zurich 
machine^ invented hy Wirtz, a. tinplatie^woikcr at Zurich, 
may he scm in B^Sey's Destgna of Machines, approved' 
and ado p ted by the Society of Arts, vok i^ p. I5l. This 
ongiac acts on a principle (JiffcroBt from all other hydraulic 
machinca \ and ilt theory has eycjicised t^ ingenuity of 
the most distinguished plhilosophen^ An ingenious hy« 
draulic machine for raising water, invented by Mr. Wl. 
Westgarth, has been recommended by the celebrated Mr. 
Smeaton, who calla it the * greatest stroke of art in the 
hydnnilfc way that has appeared sixwit the in^ntion of the 
ttcam-engiae.' An account of it will be found in Bailey's 
Designs, iScc. voL i« p. \Q2 ; and vol ii, p. 25. A very in* 
ffenious machine for raising water, by means of a centri* 
fttgal force, combined with the pressure of the atmosphere, 
has been iniDented by Mr. £rskine ; and is described in the 
English EacyelopsDdia, article Cfn/rj^^tf/ miy^MMi. In the 
Appendix wUl be found a description of Montgolfier's Ht» 
draulic Ram, a most interesting invention, and scarcely 
known in this country. — Ed. 

* The Jfecjfiegramtijt or dtmiiy^ of any body, ia the quan* 
tity of mauer which it oontains imder a certain bulk. The • 
specific gravity of lead ore, for example, is douli\lo that of 
iamottdf because one cubic inch of the former is twice as 
heavy, or contains twice ai much malterj^ a& one cubic in<^h 
•f the htter.-^Er. 

M3 
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USOT. by allaying the croum with copper. But the 
^' king, not knowing how to find out the truth of 
that matter, referred it to Archimedes; who, 
having studied a long time in vain, found it 
put at last by chance. For, going into a bath- 
ing-tub of water, and observing that he thereby 
raised the water higher in the tub than it was 
before, he concluded instantly, that he had raised 
it just as high as any thing else could have done, 
that was exactly ox his bulk : and, considering 
that any other bodv of equal weieht, and of less 
bulk than himselt, could not have raised the 
water so high as he did ; he immediately told 
the king, that he had found a method by which 
he could discover whether there were any cheat 
in the crown. For, since gold is the heaviest of. 
all known metals, it must be of less bulk, accord- 
ing to its weight, than any other metal. And, 
therefore, he desired that a mass of pure gold, 
equally heavy with the crown when weighed in 
air, should be weighed ag^^Ist it in water ; and, 
if the crown was not allayed, it would counter- 
poise th6 mass of gold when they were both 
immersed in water, as well as it did when they 
were weighed in air. But, upon making the 
trial, he found that the mass of gold weighed 
much heavier in water than the crown did. And 
not only so, but that, when the mass and crown 
were immersed separately in one vessel of wa- 
ter, the crown raised the water much higher 
than the mass did ; which shewed it to be al- 
layed with some lighter metal that increased its 
bulk. And so, by making trials with different 
metals, all equally heavy with the crown when 
weighed in air, he found out the quantity of alloy 
in the crown. 

The specific gravities of bodies are as their 
weights, bulk for bulk } thus a l)ody is said to 
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have two or three times the specific gravity of lect, 
another^ when it contains two or three times as . ^' 
much matter in the same space. 

A body immersed in a fluid will sink to the 
bottom, if it be heavier than its bulk of the 
fluid. If it be suspended therein, it will lose as 
much of what is weighed in air, as its bulk of 
the fluid weighs. Hence, all bodies of equal 
bulks, which would sink in fluids, lose equal 
weights when suspended therein. And unequal 
bodies lose in proportion to their bulks.' 

The hydrostatic balance differs very little from The bydi 



itotU 



a common balance that is nicely made : only ^^^^^^^ 
it has a hook at the bottom of each scale, on 
which small weights may be hung by horse- 
hairs, or by silk threads. So that a body, sus- 
pended by the hair or thread, may be immersed 
in water without wetting the scale from which 
it hangs. 

If the body thus suspended under the scale. How to 
at one end of the balance, be first counterpoised ^^ 
in air by weights in the opposite scale, and then gnwitj of 
immersed into water, the equilibrium virill be*"^'**^^* 
immediately destroved. Then, if as much weight 
be put into the scale from which the body liangs, 
as will restore the equilibrium (without altering 
the weights in the opposite scale) that weight, 
which restores the equilibrium, will be equal to 
the weight of a quantity of water as big as the 
immersed body. And if the weight of the 



' The losses of weight sustained by bodies suspended 
in different fluids, is in the compound ratio of their bulks, 
and the density of the fluids $ — and when any body is ' sus- 
pended in a fluid, so as not to touch the bottom of the 
vessel, the fluid gains as much weight as is lost by the 
suspended body.— -Ed. 
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ixcr. body in air be divided hj what it loses in vater, 
^' the quotient will shewr how much that body is 
' heavier than its bulk of water. Thus, if a gui* 
net, suspended in au*, be count^i)a]anced by 129 
gnuns in theoppcKBle scale of the balance ; and 
tben, upon ks bong immersed in water, it be^ 
comes so much lighter, as to require 1\ grains 
put into the scale over it, to restore the equili* 
brium, it fibews that a quantity of water, of equal 
bulk with the guinea, weighs 7i grains, or 7.25; 
by which diride 129 (the weight of the guinea 
10 air), and the quotient will be 17.793 ; which 
shews that the guinea is 17.798 times as heavy 
as its budk of water.^ And thus, any piece of 
gold may be tried by w^hing it first in air, and 
men in water ; and if, i^n dividing the weight 
«a air by the ioss ii) water, the quotient comes 
out to be 17.79S, the gold is good ; if the quo- 
tient be 1 8, or between 18 and 19, the gold is 
very fine ; but if it be less than 17, the gold is 
too much allayed, by being mixed with some 
l^hter metal. 

If silver be tried in this manner, and foun4 
to be 11 times as heav) as water, it is very 
&ie ; if it be lO^ times as heavy, it is standard ; 
but if it be of ^y less weight con^pared with 
water. It is mixed with some lighter metal, such 
astjn* 

By thjs method, the specific gravities of all 



^ Sincp a quantity of ^ater equal in bulk to a guinea 
weighs 7j-grainf, while a guinea weighs i^Q grains, the 
specific granties of these bo4ies inust be in <the ratio of 
7i to 129. 3ut 71 : 129 = 1 : 17.7931 the answer, or 
fourth term of this analogy, is therefore found by dividing 
the product of the second ajid third terms by the fir^ ; or 
by dividing 129 by 7^.— Ed. 
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bodies that will sink in water, may be founcL lect.. 

But as to those which are lighter than water, as ^ ^^ 

most sorts of wood are, the following method 
may be taken, to shew how much lifter they 
are than their respective bulks of water. 

Let an upright stud be fixed into a thick flat 
piece of brass, and in this stud let a small lever, 
whose arms are equally long, turn upon a fin^s 
pin as an axis* Let the thread ^'hich hangs 
£rom the scale of the balance be tied to one end 
of the lever, and a thread fropi the body to be 
weighed, tied to the other end. lliis done, put 
the brass and lever into a vessel, then pour wa- 
ter into the vessel, and the body will rise and 
float upon it, and draw down the end of the 
balance frpm which it hangs; then, put a^ 
much weight in the opposite scale as will raise 
that end of the balance, so as to pull the body 
down into the water by means of the lever; 
and this weight in the scale will shew how 
qiuch the body is lighter than its bulk of wa-» 
ter. 

There are some things which cannot be 
weighed i^ this manner, such as quicksilver, 
fragments of diamonds, &c. because they cannot 
be suspended in threads ; and must therefore be 
put into a glass bucket, hanging by a thread 
from the hook of one scale, and counterpoised 
by weights put into the opposite scale. Thus, 
suppose you want to know the specific gravity 
of quicksilver^ with respect to that of water ; let 
the empty bucket be first counterpoised in air, 
and then the quicksilver put into it and weighed* 
Write down the weight of the bucket^ and also 
of the quicksilver; which done, empty the 
bucket, and let it be immersed in watclr as it 
hangs by the thread, and counterpoised therein 
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^^5^' by weights in the opposite scale : then, pour the 
quicksilver into the bucket in the water, which 
will cause it to preponderate; and put as much 
weight into the opposite scale as will restore the 
balance to an equipoise; and this weight will 
be the weight of a quantity of water equal in 
bulk to the quicksilver. Lastly, divide the 
weight of the quicksilver in air, by the weight 
of its bulk of water, and the quotient will shew 
how much the quicksilver is heavier than its 
bulk of waten 

If a piece of brass, glass, lead, or silver, be 
immersed and suspended in different sorts of 
fluids, the different losses of weight therein will 
shew how much it is heavier than its bulk of the 
fluid ; the fluid being lightest in which the im* 
mersed body loses least of its aerial weieht. A 
solid bubble of glass is generally used for find« 
ing the specific gravities of fluids.^ 

Hence we have an easy method of finding the 
specific gravities both of solids and fluids, with 
regard to their specific bulks of cgmmon pump 
water, which is generally made a standard for 
comparing all others by. 

In constructing tables of specific gravities 
with accuracy, the gravity of water must be re- 
presented by unity or LOOO, where three cy- 
phers are added, to give room for expressing the 



^ A hydrometer, consisting of several small bubUes of 
glass, was invented by Professor Wilson of Glasgow, for 
the purpose of measuring the strength of 9pintous liquors. 
Several of these bubbles are put into a quantity of the fluid, 
some of which will sink, some will swim on the top, and 
others will remain suspended in the fluid. Tliat which 
neither sinks nor swims, denotes by its mark the strength 
pf the spirits. See page 1 93. — Ed. 
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• 

ratios of other gravities in decimal parts, as in lect. 
the folloiving ta£le/ ^^i^ 

N.B. Aluiough guinea gold has been gener- 
ally reckoned 1 7.798 times as heavy as its bulk 
of water, yet, bj manv repeated trials, I cannot 
say that I have round it to be more than 17.200 
(or 17^) as heavy. 



^ One of the most extensive tabks of sfectfic gravitUs 
that has yet been published* will be found at the end of 
t^is volume.— *^D. 



ISS Qfd< Jpcqjfic QnvitiM tfBa^eb 



A TABLE or THE 8PBCIFI0 OBATITIM 99 IKTBBAb 
SSUD AMB VLOn BODIK*. 



A cubic incli of 


Troyvcitfal. | Ai 


Dirilup. 


Cmnpvi> 




X. 


pw. jr. 


at. 


UtlRU 


Line weight 


Very fine gold - 


10 


7 3-83 


11 


5.8O 


19-63? 


Standard gold - 


9 


19 6A4 


10 


14-9^J 


18.888 


Gom«eeld - - 


9 


7 I7--*a 


to 


4-76 


17.793 


Moidoregold - 


9 


19M 


9 


14.71 


17.140 


QnJckiilver • - 


7 


7 11-61 


8 


1-45 


14.QI9 


Lead - - - - 


5 


19 17.4* 


6 


9.O8 


11.325 


FinesilMr - - 


s 


16 23.23 


6 


§.66 


11.087 


Standard silver - 


5 


11 3.3d 


6 


1.54 


10.535 


Copper - - - 


4 


13 7.04 




1.89 


8.843 


Pbtebrau - • 


4 


4 9-60 




10-09 


8000 


ittel - - - - 


4 


3 20.12 




8.70 


7.853 


troa . - - - 


4 


13.20 




6-77 


7-645 


Block tin - ■ ■ 


3 


17 5.68 




3-79 


7-321 


Spellar - - - 


3 


14 12.86 




1-42 


7.065 


Leadore - -' - 


3 


11 17.76 


3 


14.96 


6.800 


Qlass of antimony 


3 


J5 16.09 


3 


0.89 


3.280 


German antimony 


2 


2 4.80 


2 


S-04 


4.000 


Copper ore - - 




I 11.83 


3 


4.43 


3.775 


Diairand - - - 




15 20.88 




15-48 


3.-100 


Clear glass - - 




13 3.58 




13.16 


3.130 


Lapis lazuli - - 




12 5.27 




12.37 


3.054 


Welsh atbntos - 




10 17-57 




10.97 


2.913 


White marble - 




8 13.41 




9.06 


2.707 


Black ditto - - 




8 12.65 




9,02 


2.704 


Rock crystal - - 




8 1.00 




8.61 


2.659 


Greeo glass - - 




7 15.38 




8.26 


2.620 


Cornelian stone - 




7 1.21 




7.73 


2.568 


Flint . - - . 




6 19-63 




7.33 


2.342 


Hard paving stone 




3 22-87 




6.77 


2.460 


Live sulphur - - 




1 2.40 




2.32 


2.000 


Nilre - - - - 




1.08 




1.59 


1.900 


Alabaster - - 





19 16-74 




1.33 


1.873 


Dry ivory - - 





19 609 




0.89 


1.825 







18 23-76 




0.66 


i.eoo 


Alum - . - . 





17 31.92 





15.72 


1714 


Ebony - - - 





a 18.82 





10.3 


1-117 


Human blood 





11 2.89 





974 


IX)54 
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lAaber • * - 4 





10 


2a79i 





9^ 


1.030 


Cow'taak « - 





lO 


2079 





9^ 


1.030 


Seaixitter • • 





10 


^79 





9.54 


ijoao 


Pump water • • 





10 


13.30 





9.26 


1.000 


Spriog wat0r • * 
JKf tUkd vMr « • 





10 


12.94 





.9*25 


0.999 





10 


llw42 





9.20 


0.993 


Bed wine • - •> 





10 


11.42 





9.20 


0.993 


Oil of amber - • 





10 


7.63 





9.06 


0.978 


nroof spiriu • - 
Diyoak . - - 





9 


1973 





8.62 


a93i 


o 


9 


18.00 





8.36 


0.925 


CMiveoU - • • 





9 


15.17 





8.43 


0.913 


Purespirili « • 


o 


9 


3.27 





8.02 


0.866 


Spirit of turpentine 





9 


2.76 





7-99 


0.864 


Oil of tuipentine 





8 


8.53 





7.33 


0.772 


Off ambtree « - 





8 


1.Q9 





7.O8 


0.765 


Sauainiwood • 





6 


2.04 





446 


0.482 


Cork . . - . 





2 


12.77 





2.21 


0.240 



LECT. 
V. 



Take away the decimal pomts from the num- 
bers in the nght-hand column^ or (which is the 
same) muidply them by 1,000, and they will 
shew how many avoirdupois ounces are contain- 
ed in a cubic foot of each body. 

The use pf the table of specific eraviries will ?^ ^* ^ 

1.^ i_ 1*^0 ^*j find out tlte 

best appear by an example. Suppose a body to quantity oc 
be compounded of gold and stiver, and it is re- ^^fn>- 
quired to find the quantity of each metal in the^^ 
C(»npottnd« 

First, find the specific gravity of the com- 
pound, by wdghii^ it in air and in water, and 
dividing its a^xial weigh!t by what it loses there- 
of in water, the quodent will shew its specific 
^vitT, or how many times it is heavier than 
Its bulk of water. Then, subtract the specific 
gravity of silver (found in the table) from that 
of the compound, and die specific gravity of the 
compound from chat of gold ; the first remainder 
shews the bulk of gold, and the latter the bulk 
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LECT. of silver, in the whole compound : and if these 
^^ remainders be multiplied by the respective spe- 
cific gravities, the products will shew the pro- 
portion of weights of each metal in the body. 
Example.— 
, Suppose the specific eravity of the compound- 

ed body be 13 ; that of standard silver (by the 
table) is 10.5, and that of gold 19.63 : therefore 
10.5 from 13, remains 2.5, the proportional 
bulk of the gold ; and IS from 19.63, remains 
6.63, the propordonal bulk of silver in the com- 
pound. Then, the first remainder 2.5, mul- 
tiplied by 19.63, the specific gravity of gold, 
produces 49.075 for the proportional weight of 
gold; and the last remainder 6.63 multiplied 
by 10.5, the specific gravity of silver, produces 
69.615 for the proportional weight of silver in 
the whole body. So that for every 49.07 ounces 
or pounds of gold, there are 69.6 pounds or 
ounces of silver in the body. 

Hence it is easy to know whether any suspect- 
ed metal be genume, or allayed, or counterfeit ; 
by finding how much it is heavier than its bulk 
of water, and comparing the same with the 
table : if they agree, the metal is good ; if they 
differ, it is allayed or counterfeited. 
How to try A cubical inch of good brandy, rum, or other 
iki^iT* P^^f spirits, weighs 235.7 grains : therefore, if 
a true inch cube of any metal weighs 235.7 
grains less in spirits than in air, it shews the 
spirits are proof. If it loses less of its aerial 
weight in spirits, they are above proof; if it 
loses more, they are under : for, the better 
the spirits are, they are the lighter; and the 
worse, the heavier. All bodies expand with 
heat, and contract with cold^ but some more and 
wme loss than others. And therefore the spe* 



N 
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cific graviries of bodies are not precisely the same lect. 
in summer as in winter. It has been iound, that ^* 
a cubic inch of good brandy is ten grains heavier ' 
in winter than in sunmier ; as much spirit of 
nitre, SO grains ; vinegar 6 grains, and spring- 
water S. - Hence it is most profitable to buy 
spirits in winter, and sell them in summer, since 
they are always bought and sold by measure. It 
has been found, that 32 gallons ot spirits in win- 
ter will make 3d in summer. 

The expansion of all fluids is proportionable 
to the degree of heat ; that is, with a double or 
triple heat a fluid will expand two or three times 
as much. 

Upon these principles depend the construe- The #5#mo» 
tion of the thermometer, in which the globe or^ 
bulb, and part of the tube, are filled with a 
fluid, which, when joined to the barometer, is 
q)irits of wine tinged, that it may be more easily 
seen in the tube. But when thermometers are 
made by themselves, quicksilver is generally 
used. 

In the thermometer, a scale is fitted to the 
tube, to shew the expansion of the quicksilver, 
and consequently the degree of heat. And, as 
Fahrenheit's scale is most in esteem at present, I 
shall explain the construction and graduation of 
thermometers according to that scaie.^ 



' Fahrenheit^ whote thermometer it grenerally used in 
this country, placet the freezing point at 32, and the boil- 
ing point at 212. In Reaumur't thermometer, which it 
chiefly used on the continent, the freezinfir point it phced 
at Oy and the boiling point at 80. In Cehiut't theimome- 
tcr» which it uted in Sweden, and hat lately been adopted 
in France, under the name of ihe Centigrade Thermomeiert 
the freezing point is at 0, and the boiling point at 100. 

In 
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First, let the globe or bulb, and part of the 
tube, be filled with a fluid ; then immerse the 
bulb in water just freezing, or snow just thaw- 
ing ; and even with that pan in the scale where 
the fluid then stands in the tube, place the num- 
ber 32, to denote the freezing point : then put 
the bulb under your arm pit, when your body is 
of a moderate degree ot heat, so that it may 
acquire the same degree of heat with your skin ; 
and when the fluid has risen as far as it can by 
that heat, there place the number 97: then 
divide the space between these nun^iers into 09 
equal parts, and continue those divisions both 
above 97 and below 32, and number them ac- 
cordingly. 

This may be done in any part *of the world ; 
for it is found that the freezing point is always 
the same in all places, and the beat oS the human 
body diflfers but very little ; so that the thermo^ 
meters made in this manner will agree with one 
another ; and the heat of several bodies will be 
shewn by them, and expressed by the numbers 
upon the scale thus : 

Air, in severe cold weather, in our climate 
from 15 to 25. Air m winter, from 26 to 42. 
Air in spring and autumn, from 43 to 53. Air 



In De La Hire's, the freezing point it at 28, and the boil< 
ing point at ]99|« In Amonton*8» the freezing point is 
at 514, and the boiling point at 73. In Crucquius's, the 
freezing point is at 1070, and the boiling point at 1510 \ 
and in Sir Isaac Newton's, the freezing point is at O, and 
the boiling point at 34. — For a larger list of the different 
methods by which thermometers have been graduated, see 
Cavallos Natural Philosophy, voL iii, p. 19-20. The 
most accurate method of constructing thennometers is to 
be found in the Philosophical Transactions, toI. Ixvii, p« 
810'.— Ed. 
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Ut midsummer^ from Qs to 68. Extreme heat 
of the smmner sun, from 86 to 100. Butter 
just melting, 95. Alcohol boils with 174 or 
175. Brandy with 190. Water 212. Oil of 
turpentine 550. Tin melts with 408, and lead 
with 540. Milk freezes about SO, vinegar 38, 
and blood 27.^ 

A body specifically lighter than a fluid will 
swim upon its surface, in such a manner, that a 
quantity of the fluid, equal in bulk with the 
immersed part of the body, will be as heavy as 
the whole body. Hence, the lighter a fluid is» 
the deeper a body will sink in it ; upon which 
depends the construction of the hydrometer or 
water-poise.* 



^ It is a remarkable fiict, that when a thermometer is 
inclosed in a receiver, and the air condensed, the mercury 
suddenly rises a few decrees above the temperature of the 
ambient air ; and,, on the contrary, when the air In the re« 
ceiver is rarified, the mercury fidls suddenly below the 
temperature of the atmosphere. But in both cases, after 
tome time, it resumes its former station. In an experi« 
ment by Mr. Dalton, the thermometer in the atr stood at 
36^ 8'. When the air was exhausted it sunk to 34^ 7' ; 
and when the air was re-admitted and condensed, it rose 
to 38^ g'. See Memoirs of the Philosophical Society of 
Manchester, voL v, p. 515.— ^£d. 

* The hydnmeter generally consists of a concave spherical 
or ellipticsd bulb» attached to the lower extremity of a 
hollow cylindrical stem, with>a scale engraven upon it. It 
is sometimes made of metal, but generaUy of glass, that it- 
may not be corroded by immersion in acids, and is loaded 
at its lower end with a weight, or with a quantity of mercury 
in the hollow bulb. This apparatus, when immersed in a 
fluid, will float in a vertical position, at a certain depth, and 
from this depth, measured by the scale on the stem, the 
specific gravity of the liquor is determined. The most 
approved hydrometers are those constructed by Mr. Jones, 

Fol. 1. N Mr. 
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• 

lcct. From this we can easily find the weight of a 

^- ship, or any other body that floats in water 

^^\^ 'For, if we multiply the number ^of cubic feet 

wetg^ of « which are under the surface, by 62.5, the num« 

^c^autt- ^^ ^^ pounds in one cubic foot of fresh water ; 

cd. or by 64.4, die number of pounds in a cubic 

foot of salt water; the product will be the weight 

of the ship, and all that is in it. For since it is 

die wagfat of the ship that di^laces the water, 

it must continue to smk until it has remored as 

much water as is equal to it in wd^t ; and 

therefore the part immersed must be equal in 

bulk to such a portion of the water as is equal to 

die weight of the whole ship. 

To prove this by experiment, let a ball of 
some light wood, such as fir or pear-tree, be put 
into water contained in a glass vessel ; and let 
the vessdi be put into a scale at one end of a 
balance, and counterpoised by weights in the 
opposite scale : then, marking the height of the 
water in the vessel, take out the ball; and fill 
up the vessel with water to the same height that 
it stood at when the ball was in it ; and the same 
weight will counterpoise it as before. 

From the vessel's being filled up to the same 
haght at which the water stood when the ball 
was in it, it is e3ndent that the quantity poured 
in is equal in majpitude to the immersai part 
of the ball : and &om the same weight counter- 
poising, it is plain that the water poured in, is 
equal in weight to the whole ball. 

In troy weight 24 grains make a pennyweight. 



Mr. Dicat of LiTcrpool, Mr. Qiiin» snd Mr. Nicbokon ; 
a short accouat of which may be seen in the new edition 
of Clare's Treatise on the motion of Fluids, p. 14/9 edited 
aad enlarged by Robert Hall, M. D.-— Ed. 
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20 pennvwekhts make one ounce, and 12 ounces L£CT. 
a pouna. m avoirdupois wght, ]6 drams . ^* 
make an ounce, and l6 ounces a pound. The 
troy pound contains 576o grains^ and the avoirs 
dupois pound 7000 ; and hence the avoirdupoi$ 
dram we^s 27*34375 graips, ^d the avoirdu* 
pois ounce 437.5. 

Because it is often of use to khow how much 
any given quantity of gbo43 in trov weight do 
make in avoirdupois weight; and the reverse; 
we shall here annex two tables for converting 
these weights into one another. Those from 
page 164l< to page 175 are near enough for com- 
mon hydraulic purposes ; but the two following 
are better where accumcy is req[uired in com- 
paring the weights with 9ne anodier: and I 
find by trial, that 17^ troy <)unces are precisely 
equal to ; 192 avoirdi^ids ounce$, aind 1 75 troy 
pounds are equal to * 144 avoirdu^pois. And 
although there are several lesser ii^tegral num- 
bers, ' which come very pe^. to agree together, 
yet I have found none less than the above to 
agree exactly. Indeed 41 troy ounces are so 
nearly equal to 45 avoirdupois ounces, that the 
latter contains only 7t grains more than the for- 
mer : and 45 troy pounds weigh only 7-^ drams 
more than 87 avoirdupois. 

I have lately made a scal^ for comparing these 
weights with one another, and shewing the weight 
of pump-water^ proof spirits, pure spirits, and 
guinea gold, taken in cu^ic inches to any quan- 
tity less than a poimd, both in troy and avoirdu- 
pois ; oi]dy by sliding one side of a square along 
the scale, and the omer side crossing it. 

N2 
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AvDirdapou. 




ATCif. 










T«r Weight. 






lb. 


Oi. 


dran. 


Dnuni. 


Pouoda-^000 


3291 


6 


13.68 


Pennywi. 19 


16.67 


3000 


2528 


9 


2.26 


18 


15.79 


2000 


1645 


11 


6.84 


17 


14.93 


1000 


822 


13 


1142 


16 


I4.04 


900 


740 


9 


3.28 


15 


13.16 


800 


658 


4 


9.14 


14 


12.29 


700 


576 





aoo 


13 


IMI 


600 


493 


11 


6.85 


12 


ia53 


500 


411 


6 


13.71 


1) 


9.65 


400 


329 


2 


4.57 


JO 


8.7B 


300 


246 


13 


11.42 


9 


7-90 


200 


164 


9 


2.28 


s 


7.03 


100 


82 


4 


9- IS 


7 


6.14 


90 


74 





13.62 
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A TABLE FOR BEDUCIKG AVOIRDUPOIS WEIGHT INTO 

TROY WEIGHT. 



Avoirdopois 
wdgfat. 



Troy 



lb* OB* pw* gr. 



Pounds 6000 7291 8 

6 4 

m 1 

(645 10 

\0 6 

215 3 

11093 9 

97^ 2 

7001 850 8 

eoc 729 2 

soc 607 7 

400 486 I 

300 364 7 

200 243 O 



A^oird. I Trpy weight. 
reight. i^^ p^ ^^ 




IOC 



O 

13 8 

6 16 

O 
13 

6 

O 
13 

6 

O 
13 

6 16 

8 



121 6 



90 1Q9 

80I 97 



4 
2 
O 



13 



OlOunces 15 
14 



le 



le 



13 
12 



8 

7 
6 
5 
4 
3 




O 
13 
6 It 

10 Drams 15 
8| 14 

13 
12 
11 
10 

9 

8 

7 
6 

5 

4 
3 
2 



t 



1 J3 

O 15 

11 16 

10 18 

10 O 




9 
8 

7 

6 

5 



2 
4 
5 

7 

9 



4 11 
3 12 
2 14 
1 16 
18 

17 
15 
14 
13 
12 
11 
10 

9 

8 

7 
6 

5 
3 
2 
1 



ia50 
5 
23.50 
18 
12.50 

7 

1. 

20 
14. 

9 

3 

22 

16. 

11 

5 

2*10 

2276 

19-42 

15-08 

1274 

9-40 

6-06 

2.72 

23-38 

20-04 

16.70 

13.36 

iao2 

6-68 

3.34 

20.51 

13.67 
6.83 
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The two following examples will be sufficient 
to explain these two tables, and shew their agree- 
ment. 

Ex. I. In6835poimds 6 ounces Q pennyweights 
6 grains Troy^ Quu How much Avoirdupois 
weight f (See page ld6.) 





Troy. 


Aw 


Mrdnf 


loifc 




ft. . 


OS 


drtmi* 




'4000 = 


3291 


6 


13.68 




2000 = 


1645 


n 


6.84 


r^^n V Bik ^M 4> 


800 = 


658 


4 


9*14 


'0UIXl8< 20 ^ 


16 


7 


5.03 


10 = 


8 


3 


1052 


I « ?= 


. 4 


1 


13.25 


oz. 6ss 




6 


0.32 


pw. 9 = 


. 




7J9P 


gr. 6 = 






J22 



Answer 5624 10 11*90 



, Ex. II. In 5624 pounds 10 ounces 1 2 drams 
Avoirdupois^ Qu. How much Troy weight ? (See 
page 1970 



AToird. Troy. 



Poundi 



ox. pw. gr. 



lb. 

5000 = 6076 4 13 8 

600 = 729 2 O O 

20 3: 24 3 13 8 

4 = 4 10 6 61 

oz. 10S= 927 

dr. 12 ss 13 15.08 

Answer 6835 6 9 6.08 



LECTURE VI. 



OF PKEUMATICS* 

1 HIS science treats of the nature, weight, press- lect. 
ure, and spring, of the air, and the effects aris- ^^ 
ing therefronu ' 

The air is that thin transparent fluid body iniKepro. 
which we live and breathe. It encompasses thePf"****^ 
whole earth to a considerable height ; and, toge- 
ther with the clouds and vapours that float there- 
in, it 18 called the atmp^here. The air is justly 
reckoned among the number of fluids, because 
it has all the properties by which a fluid is dis- 
tinguished : for, it yields to the least force im* 
pressed, its parts are easily moved among one 
another, it presses according to its perpendicular 
height, and its pressure is every way equal. 

That the air is a fluid, consistmg of such 
particles as have no cohesion between them, but 
easily glide over one another, and yield to the 
slightest impresdon, appears from that ease and 
freedom with which animals breathe in it, and 
move through it without any difEculty or sens- 
ible resistance. 

But it differs from all other fluids in the four 
following particulars. — 1, It can be compressed 
into a much less space than what it naturally 
possesses, which no other fluid can : 2, It can- 
not be congealed or fixed, as other fluids may : 
3, It is of a different d&asiiy in every part, up« 
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LECT. ward from the earth's surface, decreasing in its 
^'* weight, bulk for bulk, the higher it rises ; and 
therefore must also decrease in density : 4, It is 
of an elastic or springy nature, and the force of 
spring is equal to its weight.' 

That air is a body, is evident from its exclud- 
ing all other bodies out of the space it possesses : 
for, if a glass jar be plunged with its mouth 
downward into a vessel of water, there will but 
very little water get into the jar, because the air 
of which it is full keeps the water out/ 

As air is a body, it must needs have gravity 
or weight: and that it is weighty, is demon- 
strated by experiment : for, let the air be taken 
out of a vessel by means of the air-pump, then, 
having weighed the vessel, let in the air again, 
and upon weighing it when re-filled with air, it 
will be found considerably heavier. Thus, a 
bottle that holds a wine quart, being emptied of 
air and weighed, is found to be about 1 6 grains 
lighter than when the air is let into it again ; 
which shews that a quart of air weighs 1 6 grains. 
But a quart of water weighs 14,621 grains ; this 



' As the compressibility of water and other fluids is 
now completely ascertained, air will differ from these'only 
in one circumstance, * that it cannot be congealed or fixed.' 
The water of the ocean, and even smaller quantities of 
liquid, must have different densities, (however small the< 
difference) on account of the weight of the superincum- 
bent fluid ; and every compressible fluid must be elastic. 
The elasticity of water is completely proved by the reflec- 
tion of stones impinging upon its surface. — Ed. 

* On this principle the diving bell is constructed. A 
large bell of glass or metal is immersed in the sea by means 
of weights suspended to it ; and however great be the 
depths to which it is sunk, the elasticity of the interioi 
air prevents the water from reaching the diver seated with- 
in the bell. The air indeed is condensed by the pressure 
of the water, but not to such a degree as to prevent rcr 
spiratioo, unless the depth be very great.— Ed. 
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divided by 16, quotes 914 in round numbers; l£ct. 
which shews, that water is 914 times as heavy as ^' 
air near the sur£ice of the earth. 

As the air rises above the earth's sur&ce, it 
grows rarer, and consequently lighter, bulk for 
bulk : for, because it is of an elastic or springy 
nature, and its lowermost parts are pressed with 
die weight of all that is above them, it is plain 
that the air must be more dense or compact at 
the earth's surface than at any height above it, 
and gradually rarer the higher up ; for the 
density of the air is always as the 'force that com- 
presses it; and therefore, the air toward the 
upper parts of the atmo^here being less pressed 
than that which is near the earth, it will expand 
itself, and thereby become thinner than at the 
earth's s^urface. 

Dr. Cotes has demonstrated, that if altitudes 
in the air be taken in arithmetical proportion, the 
rarity of the air will be in geometrical proportion. 
For instance. 
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And hence it is easy to prove by calculatioiiy 
that a cubic inch of such air as we breathe^ would 
be so much rarefied at the altitude of 500 miles^ 
that it would fill a hollow q^here equal in diame- 
ter to the orbit of Saturn. 

The weight or pressure of the air is exactly 
determined by the following experiment. — 
Tbe r^rt- Take a glass tube about three* feet long, and 
open at one end; fill it with quicksilver, and 
putting your finger upon the open end, turn 
that end downward, and immerse it into a small 
vessel of quicksilver, without letting in any air : 
then take away ^ your finger ; and the quicksilver 
will remain suspended in the tube 29^ inches 
above its surface in the vessel, sometimes more, 
and at other times less, as the weight of the air 
is varied by winds and other causes. That the 
quicksilver is kept up in the tube by the pressure 
of the atmosphere upon that in the bason, is 
evident ; for, if the bason and tube be put under 
a glass, and the air be then taken out of the glass, 
all the quicksilver in the tube will fall down into 
the bason ; and if the air be let in again, the 
quicksilver will rise to the same height as before. 
Therefore the air*s pressure on the surface of the 
earth, is equal to the weight of 29f inches depth 
of quicksilver all over the earth's surface, at a 
mean rate. 

A square column of quicksilver, 294- inches 
high and one inch thick, weighs just 15 pounds, 
which is equal to the pressure of air upon every 
square inch of the earth's surface; and 144 
times as much, or 2160 pounds, upon every 
square foot ; because a square foot contains 144 
square inches. At this rate, a middle ^ized man, 
whose surface may be about 14 square feet, 
sustams a pressure of 30,240 pounds, when the 
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air is of a mean gravity; a pressure which tsar. 
would be insupportable, and even &tal, to us, . ^' 
were it not equal on every part, and counterba- ' 
lanced by the spring of the air within us, which 
is diffused through the whole body; and re- 
acts with an equal force against tne outward 
pressure. 

Now, since the earth's surface contains (in 
roimd numbers) 200,000,000 square miles, and 
every square mile 27,878,400 square feet, there 
must be 5,575,68O,000,000/X)O square feet on 
the earth's sur&ce; which, muldplied by 2160 
pounds (the pressure on each square foot), gives 
12,043,468,800,000,000,000 pounds for the 
pressure or weight of the whole atmosphere. 

When the end of a pipe is immersed in water, 
and the air is taken out of the pipe, the water 
will rise in it to the height of 33 feet above the 
surface of the water in which it is immersed ; 
but will go no higher ; for it is found that a 
common pump will draw water no higher than 
33 feet above the surface of the well: and unless 
the bucket goes within that distance from the 
well, the water will never get above it. Now, 
as it is the pressure of the atmosphere, on the 
surface of the water in the well, that causes the 
water to ascend in the pump, and follow the 
piston or bucket, when the air above it is lifted 
up; it is evident, that a column of water 33 
feet high, is equal in weight to a column of 
quicksilver of the same diameter, 294^ inches 
high ; and to as. thick a column of air, reach- 
ing from the earth's sur&ce to the top of the 
atmosphere. 

In serene calm weather, the air has weight The Afr#. 
enough to support a colut^n of quicksilver si***^' 
inches high ; but in tempestuous stormy weather. 
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LSCT. not above 28 inches. The quicksilver, thus 
^'' supported in a glass tube, is found to be a nice 
counterbalance to the weight or pressure of the 
air, and to shew its alterations at different times. 
And being now generally used to denote the 
changes in the weight of the air, and of the 
weather consequent upon them, it is called the 
barometer J or weather-glass. 

The pressure of the air being equal on all 
sides of a body exposed to it, the softest bodies 
sustain this pressure without suffering any change 
in their figure ; and so do the most brittle bodies 
without being broke. 

The air is rarefied, or made to swell with heat ; 
and of this property, wind is a necessary conse- 
The cauie quenc^ : for, when any part of the air is heated 
•f vfMds. ^y ^^ g^^^ ^j. otherwise, it will swell, and there- 
by affect the adjacent air : and so by various de- 
gi^es of heat in different places, there will arise 
various winds.* 

When the air is much heated, it will ascend 
toward the upper part of the atmosphere, and the 
adjacent air will rush in to supply its place ; and 
therefore, there will be a stream or current of 
air from all parts toward the place where the 



* The pressure of the air, and its rarefaction by heat, 
are excellently illustrated by the following simple experi- 
ment : — Take hold of a wine glass with your right hand, 
and with your left put into it a small piece of burning 
paper. When the paper has burned for a few seconds, 
ttnke the mouth of the glass against the palm of your left 
handt &nd it will remain firmly fixed to it for a consider- 
able time. The cause of this is, that the internal air is so 
rarefied by the burning paper, that the pressure upon the 
inside of the gbss is greatly diminished. The equilibrium, 
therefore, of the pressures upon the outside and inside of 
the glass being destroyed, the glass must adhere to the 
band till that equilibrium is restored. — £p. 
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heat is. And hence we see the reason why the lect. 
air rushes with such force into a glass-house, or ^^ 
toward any place where a great fire is made. 
And also, why smoke is earned up a chinmey, 
and why the air rushes in at the key-hole of the 
door, or any small chink, when there is a fire in 
the room. So we may take it in general, that 
the air will press toward that part oi the world 
where it is most heated.^ 

Upon this principle, we can easily account forxhe/r^d^ 
the trade winds ^ wluch blow constantly from east 
to west about the equator. For when the sun 
shines perpendicularly on any part of the earth, 
it will heat the air very much in that part, which 
air will therefore rise upward, and when the sim 
withdraws, the adjacent air will rush in to fill its 
place ; and consequently will cause a stream or 
current of air from all parts toward that which 
is most heated by the sun. But as the sun, with 
respect to the earth, moves from east to west, 
the common course of the air will be that way 
too; continually pressing after the sun: ana 
therefore, at the equator, where the sun shines 
strongly, there will be a continual wind from the 
east ; but, on the north side, it will incline a little 
to the north, and on the south side, to the south. 

This general course of the wind about the 



' The following experiment illustratet, in a very beau* 
tiful manner, this property of heated air. Roll up a piece 
of paper ia a conicd form, and prevent it from unrolling 
cither by putting a pin into its vertex, or by joining iu 
sides with paste. Take off one of the scales of a balance, 
and fasten this cone by its vertex, at the extremity of the 
arm in place of the scale, adding such a weight as will keep 
the cone in equirthrio with the other scale. Put a lighted 
candle below the paper cone, and it will inunediately rise, 
and lequire the addition of a very considerable weight to 
reptQre its equilibrium with the remaining scale.-— £o. 
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equator, is changed in several places, and upon 
several accounts ; as, 1, By exhalations that rise 
out of the earth at certain times, and from cer« 
tain places ; in earthquakes, and from volcanoes; 
2, By the falling of great quantities of rain, 
causmg thereby a sudden condensation or con- 
traction of the air ; 3, By burning sands, that 
often retain the solar heat to a degree incredible 
to those who have not felt it, causing a more 
than ordinary rarefaction of the air contiguous 
to them; 4, By high moimtains, vUddi alter 
the direction or the winds in striking against 
them ; 5, By the declination of the sun toward 
the north or south, heating the air on the north 
or south side of the equator/ 



^ The following curious table, coouining the force and 
velocity of winds» was constructed by Mr. Rouse, from a 
great number of facts and experimentSy and ;s not fre- 
quently to be met with. 



Velocity of' Perpendicular 
the wind in j force on one foot 
miles per ! area in pounds 



hour. 



1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

5Q 
60 
80 

100 



afoirdupois. 



.005 
XX20 
•044 

'079 
.123 

.492 

1.107 
1.968 

3.075 

4.429 

6.027 

7.873 

9.963 

12.300 

12715 

31.490 

49.200 



Common appellations of the force 
of winds. 



} 



Hardly perceptible. 
Just perceptible. 

Gentle pleasnat wind* 

Pleasant brisk gale. 

Very brisk. 
High winds. 

Very high. 

A storm or tempest. 
A great storm. 
A hurricane. 
Ahurricanethat tearsuptrees, 
carriesbuildingsbeforeitt gtc 



Mr. 
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To these and such like causes is onidng, 1, uecn 
The irregularity and uncertainty of \mids in ^^ 
climates distant from the equator, as in mosti^i^ ~ 
part of Europe ; 2, Those periodical ivinds caU-^^Mv 
ed monsoons^ which, in the Indian. seas, blow 
half a year one way, and the other half another; 
3, Those winds which, on the coast of Guinea, 
and on the western coasts of America, blow 
always from west to east ; 4, The sea breezes, 
which, in hot countries, blow generally from 
sea to land, in the day-time ; and the land-* 
breezes, which blow in tne night ; and, in short, 
all those storms, hurricanes, whirlwinds, and ir- 
regularities, which happen at different times and 
places.^ 

All common air is impregnated with a cer-Thems^. 
tain kuid^of vivifying spirit or quality, which isJJJ^'^^*" 
necessary to conunue the lives of animals : and 
this, in a gallon of air, is sufficient for one man 



Mr. SmcatoBy by whom the above tabic wat first pub* 
lished} observes* that the evidence for those numberta 
where the velocity of the wind exceeds '50 miles an hour* 
do not aeem of equal authority with those of 50 miles an 
hour and under. A very infirenious method of finding the 
velocity of the wind, from the motion of the sails of wind- 
mills, may be seen in Mr. Smeaton's Essay on the con* 
struction and effects of Wiad-mill Sails. Phil. Trans. voL 

li* 1759. — Ed. 

^ The winds called loloMi^ which are of a scorching 
and suffocating nature, are those which blow over a great 
tract of country gpreatly heated by the sun. They occur 
most oommonlj in the dcseru 6f Arabia, and the interior 
of Africa. Tamadou arc winds which shift from one point 
•f the horizon to another, and return to the same again* 
The liroccf or schirocco, is a warm south-easterly wind, 
which is felt in the southern parts of Italy. It occasions 
such a degree of lassitude, that both natives and strangers 
are incapable of performing <heir usual functions.—£9* 
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LECT. during *the space of a minute, and not ifttich 
^^ . longer.* 

This spirit ii} air is destroyed by passing 
through die lungs of animals : and hence it is, 
that an animal dies soon, after being put under 
a vessel which admits no fresh air to come to it. 
This spirit is also in the air which is in water ; 
for fish die when they are excluded from fresh 
air, as in a pond that is closely frozen over. 
And the little eggs of insects, stopped up in a 
glass, do not produce their young, though as- 
sisted by a kindly warmth. The seed adso of 
plants mixed with good earth, and inclosed in a 
glass, will not ffrow. 

This enlivenmg quality in air, is also destroyed 
bv the air's passing through fire; particularly 
cnarcoal fire, or the flame of sulphur. Hence, 
smoking chimneys must be very unwholesome, 
especially if the rooms they are in be small and 
close. 

Air IS also vitiated, by remaining closely pent 
up in any place for a considerable time ; or, per- 
haps, by being mixed with malignant steams and 
particles flowing from the neighbouring bodies : 



^ The air of our atmosphere is a mixturey or more pro- 
perly a combinationy of two di£Ferent gases, oxygenous 
{ gasy and azotic or nitrogen gas, in the proportion of one 

part of the former to three of the latter. This oxygenous 
gas is what our author calls the vivifying spirit of air, and 
the azotic gas is what he improperly denominates damp. 
That the constitution of the air in the superior regions of 
the atmosphere is similar to its constitution near the earth^s 
surface, appears from the late zrostatic experiments of 
M. Guy Lusac of the National Institute. This was de- 
termined by filling a vessel with air, at a great height fixim 
the earth, and afterwards subjecting it to chemical examin« 
ation. — Ed. 
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or lasdy^ bv the carruption of the vivifyhig spl- ucr. 
lit; as in tneholds or shipsy in oiI-cistern% <tf^ ^ 
wine-cellars, which have been shut for a coot^ 
siderable time. The air in any of them is some- 
times so much Vitiated, as to be immediate deadi 
to any animal that comes into it^* 

Air that has lost its Tivif^png spirit^ Is calkdDi«y#» 
dampj not only because it is filled vrith humid 
or moist /vapours, but because it deadens fin^ 
extinguishes flame^ and destroys life. The dreads 
fill effects of damps are sufficiently known t4 
such as work in mmes. 

If part of the vivifying sphit of air in any 
coimtry bqrins to putrefy, the inhabitants *of that 
country will be subject to an epidemical diseaj^^ 
which will continue until the putrefitction is 
over. And as the putrefying Sfurit occasions 
the disease, so if the diseased body contributed 
toward the putrefying of the air, men ther dis- 
ease will not only be epidemical, but pestilential 
and contagious* 

The atmosfdiere is the common receptacle of 
all the effluvia or vapours arising from different 
bodies; of the steams and smoke of things burnt 
or melted ; the fogs or vapours proceedmg from 
damp watery places ; and of the effluvia from 
sulphureous, nitrous, add, and alkaline boAes. 



MMttrtl 



* When a pertcm it under the iiccetiity of gbing bto 
places where the air it vitiated^ he ought nererio nt ovlk 
down in it, at the cofnqpted air nnka fo thellottom of tlMi 
apartment. 1 am informed by a gqittcSiaii, who, alonf 
with tome friendt, went into a catefil filled with ba4 m^ 
that hit dog died in a thort timc« whHe he and fab bom- 
pfiniont nceiTed no injury* - The dog in thit . case inhaled 
thc.noziottt air whidi had tank to the bottom.«»E9«, 

roLL d ;. 
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hkAorty trhaterer may be called volatile, rises 
^ m the :9ir to greater or kss heights^ accordzng to 
itt specific gmky^ 
. Wheti th^ efiuTiat wl^ 
aUnlme hodfiea^ meet eath other^im the* air, 
there will be a ^Mong taoSkt or Jkfwenttfiion be* 
« . twem litem ;i whkb tviH sometimeB^ be so great, 
ifi . fo* . produce a fiire; then ff the effluvia be 
ippmbustible, the fire Avill run faan one part to 
aiiother, jtist as the iaflatnmable mtatoer h^pens 
tolie. 

Any one may be convinced of thk,'by mixing 
fn acid imd an alkaline fluid togeJdier, as the 
«pnit Af nitre and oil of donras '^ uaon. the doing 
pff. which, a sodden fevment, win a fine flame, 
srill arise ; and tf the ingredients be very pure 
aad strong, there witt be a sodden explc^on. 

Whoever cansidcirs the effects of fermenta- 
iT^r lion, candBot be at a loss to account for the 

efliuvia of sulphureous and nitrous bodies, and 
others that may rise into the atmoq>here, will 
ferment with each other, and take fire very often 
of themsehes; snetimes by the assistance of 
the sun^s beat. 

:U ihe inflaflimafale matter be thin and light;^ 
it will rise to the upper part of the atmosphere, 
where it will flash without doing any harm : but 
if it be dense, it will lie near the surface of the 
earth, where, taking fire, it wiU expfede with a 
surprising forces and by its heat rarefy and drive 
z^nfiy the air; kiH men and cattle, split trees, 
walls, rocks, &c. and be accompanied with ter- 
rible claps of thunder. 

The heat of lightning appears to be quke dif- 
ferent from that of otfier ftres ; for it has been 
known to run through wood, leather, cloth. 
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&c. \nthoat hurting them, wkile k has brokea iMggt. 
smd mehed hroii, steel, silver, gold, and other ▼l * 
hard bodies. Thus it has melted or burnt asua«<^ "^" ' 
der a sword, without hurting the scabbard ; and 
money in a man's pocket, without httrting his 
clothes: the reason of this seems to be, that 
the particles of that fire are so fine, as to pass 
through soft loose bodies without dissohing 
them, whiie they spend tiieir whole force upoa 
the hard ones. 

It is remarkable, that knires and forks wUcb 
have been struck with hghtiung have a very 
strong magnetical virtue for several years after : 
and I have heard that l^htqing strfldng upon 
the mariner's compass, will sooiethnts turn it 
round ; and often make k stand the contrary 
way, th^ north-pole toward the south. 

Much of the same kind with Hghtning, are JiriNAw/i. 
those explosions called^mrnolnij: or^re-min^y 
which sometimes happcfi in mims } and are oc- 
casioned by sulphureous and nitrous, or rather 
oleapnous particles, rising from the mme, and 
mixmg with the air, wh^e they will take ^e by 
the lights which the workmen are obliged to 
make use ci.^ The fire being kindled* wiU run 



* Thi fonnatioii cSfre datrnp^^ or hydrogen g«t, aad of 
ch%ak damp^ or carbonip tdd gat, may be accounted fof 
from the decompcftitioii of water when in conUwt wkk 
coal, or carbonaceont matter, and from the aSnitif wbkll 
the oxygen o^ the water haa fMr eailMB. Aa the s|>tc2fic 
^vity of hydrogen eai it ^ of that of atmofphenc aji^ 
It will rise to the roof of the mine, and the caA>onic acid 

S%^ having greater specific gravity than comtnon air, vriD 
1 to the bottom, vidiile the atmospheric ab will oeevpy 
the intermediate phee. When the hydrogen gas^ miaeo 
with, atmospheric air, is by any accident set on Sre, water 
is formed m consequence of the combustiott ; hence the 

miners 

02 
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from oHe part of the mine to another, lik^a tnun 
of gunpowdier, as the combustible matter hap- 
pens to lie. And as the elasticity of the air is in- 
creased by heat, that in the mine will conse- 
quently swell very much, and so, for want of 
room, will explode with a greater or lessrdegree 
of &rce, according to the density of the com- 
bustible vapours. It is sometimes so strong, as 
to blow up the mine ; and at other 'times so 
weak^ that when it has taken fire at the flame of 
a candle, it is easily blown out. 

Air that will take fire at the flame of a Candle 
may be produced thus : having exhausted a re- 
ceiver of the air-pump, let the air run into it 
through the flame of the oil of turpentine ; then 
remove the cover of the receiver, and holding a 
candle to that air, it will take fire, and bum 

3uicker or slower, according to the density of 
le oleaginous vapour.^ 
EmrO' When such combustible matter, as is above 

^"'•^" mentioned, kindles in the bowels of the earth, 
where there is little or no vent, it produces 
earthquakes^ and violent ^torms or hurricanes of. 
wind when it breaks forth into the air. 

An artificial earthquake may be made thus t 



mina'8 who are scorched by the fire damp, always appear at 
if they were drenched with water. For the method of 
destroying the fire and choak damps, see Dr. Trotter's 
pampUet on that subject, recently published. — £d. 

' This species of air, or oxygenous gasf may be procured 
in greater purity by heating the oxyd of manganese to red* 
ness in an earthen retort; or by heating it in a glass retort^ 
over the flame of a lamp, when mixed with half its weight 
of strong sulphuric add. This gas can be obtained from 
a variety of other ozyds, and by different methods, which 
are to be found in every system of che * istiy. See particu- 
larly an excellent Epitome of Chemistry by Mr. W. Henry 
of Manchester.— Ed. 
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Take 10 or 15 pounds of sulphur, and as much iscn 
of the filings of iron, and knead them with ^^ 
common water into the consistencv of a paste : ' 
this being buried in the ground, will, in 8 or 10 
hours time, burst out in flames, and cause the 
earth to tremble all around to a considerable dis- 
tance. 

From this experiment we have a very natural 
account of the fires of mount JEina^ FemviuSf 
and other volcanoes, they being probablv set on 
fire at first by the mixture of such metalune and 
sulphureous particles. 

The air-pump being constructed the sameTiie«v. 
way as the water-pump, whoever understands'"'^ 
the one, will be at no loss to unflerstan4 the 
other. 

Having put a wet leather on the plate ZZplatk 
of the air-pump, place the glass reqeivey M up- p*^» 
on the leather, so that the hole i in tfie pl^te may 
be within ihe glass.^ Then, turning the handle 
jP backward and forward, the air will be pumped 
out of the receiver: which will then be held 
down to the plate by the pressure of the external 
air, or atmosphere. For, as the handle F (fig. 



^ When leathers, soaked in water or oil, are employ ed, 
an clastic vapour sometimes arises, whicl^ inflqences the 
gage, and prevents it from shewing to what degree the air 
is rarefied. On this account the cdre of the receiver, and 
the plate LL9 should he ground perfectly flat, and nihbed 
with hogs* lard, or soft pomatum, which will keep out the 
air without generating moisture. When this cannot he 
conveniently dcme, the leather should be soaked in oil, 
from which the air has been previously expelled by boil- 
ing ; or it may be rubbed with hogs' brd, or bees' wax, 
which conununicate a clamminess to the leather. By these 
means the production of elastic vapour may be prevented. 
—Ed. 

OS 




ftU OfthBjBr^Pump. 

ucr. fi), 18 tuned backward, it raises the piston d e 
^ in the barrel fi JT, by means of the wheel E and 
jhack Dd:^ and, as the pistcm is leathered so 
tight as to fit the bairel exactly, no air can get 
between the pistcMi and barrd; and, therefore, 
all the air abore i in the barrel is lifted up to- 
ward Bf and a vacuum is made in the barrel 
from btoe; upon which, part of the air in the 
receiver M (Fir. 1 ), by its spring, ru^es through 
the hole t, in me brass plate L L^ along the pipe 
O 6, w^fa eommimicates with both barrels by 
the hollow trunk IHK v Iig. S), and pushing 
np the Talve 6, enters into the vacant place b e 
m the barrel B K. For, wherever the resistance 
or pressure is taken off, the air will run to that 
place, if it can find a passage. — Then, if the 
handle jPbe turned forward from c to its former 
position Fj the piston d e will be depressed In 
thebarrel ; and, as the air whidi had got into 
the barrel cannot be pushed back through the 
valve by it will ascend through a hole m the 
piston, and escape through a valve at d; and 
be h^tt^ by ^t valve from returning into 
the barrel, when the piston is again raised. At 
the ne^t raising of the piston a vacuum is again 
made in the same manner as before, between b 
end € ; upon which, more of the air that was 
left in the receiver Af, gets out thence by its 
spring, and runs into die barrel B K^ through 



' lo tuch a ddicitc iottniment as the air«f>uinp, it is of 
great importance that the pistons be raised and depressed 
with an uniform force and velocity. This can be effected 
only by giving a proper curvature to the teeth of the wheel 
and rack. For this purpose see the article in the Appen^ 
dix, voL ii. On the F^rnuOum of the Teeti of-Raci-^fmriy Sec. 
—Ed. 



Of the Air^ump. «!^ 

the valye B. The same tlniig is to be imder- i^^Ct. 
stood with regard to the other barrel A I; and ,^ ^^ ^ 
as the handle F is turned backward and fiw- ' ^ 
vrard, it alternately raises and depresses tiie pis- 
tons in their barrels; always tai^g one^.wUle 
it depresses the other. And^ as there is a rap 
cuum made in each barrel when its piston is 
raised, the particles of air in the receiver M 
push out another by their spring or elasticity, 
through the hole i, and pipe G & intQ the bar- 
rels ; until at last the air m the receiver comes 
to be so much dilated, and its spring so &r 
weakened, that it can no longer get through "die 
valves; and then no more can be taken out; 
Hence, there is no such diing as making a per- 
fect vacuum in the recdver ; tor the ttuantity of 
air taken out at any one stroke, will always be 
as the density thereof in the receiver:^ and, 
therefore, it is impossible to take it all out, be- 
cause supposing the receiver and barrels of 
equal capacity, there will be always as much 
left as was taken out at the last turn of the 
handle. 

There is a cock A below the pump-plate. 



' The dentity of the mir in the receiver decreases in a ;eo- 
metrical progression. If J be the dennty of the l^r, m the 
number of reciprocations of the piston^ r the oapacity^of 
the receiver^ and a that of the barrels, wt shall have 

^f and since the rarefactioo of the air is in* 



= (7T7) 



▼ersely, as its density, /iJLl V will represent the rare. 

faction. Hence, if we widied the air in the receiver to 
have a certain density, we can find n the number of reci- 
procations of the piston necessary to produce such a density, 

for » =__i^L^^^^._ED. 
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w^iich bong turned, lets the air into the receiver 
again; and then the receiver becomes loose, 
juod may be taken oflF the plate. The barrels 
are fixed to the frame Eee hy two screw-nuts 
/[/jl which press down the top-piece E upon the 
parrels : and the hollow tniiUL H (in Fig. 2), is 
covered by a box, as GHin Fig. 1. 

There is a glass tube I mmmn open at both 
ends, and about 34 inches long ; the upper end 
communicating with the hole in the pump-plate, 
and the lower end immersed in quicksilver at n 
in the vessel iV. To this tube is fitted a wooden 
ruler m m^ called the gage^ which is divided int6 
inches and parts of an inch, from the bottom at 
n (where it is even with the surface of the quick- 
silver)^ and continued up to the top, a little be- 
low /, to 30 or 31 inches. 

As the air is pumped out of the receiver Jl/, it 
is likewise pumped out of the glass tube Im n^ 
because that tube opens into the receiver through 
die p^mp-plat^ f and, as the tube is gradually 
emptied of air, the quicksilver in the vessel N 
IS forced yp into the tube by the pressure of the 
atmosphere, And if the receiver could be per- 
fect!)/ exhausted of air, the quicksilver would 
stand as hi^ in the tube as it does at that time 
in the barometer^: for it is supported by the same 
power or weight of the atmosphere in both. 

The quantity of air exhausted out of the re- 
ceiver oh each turn of the handle, is always pro- 
portional to the ascent of the quicksilver on 
that turn ; and the quantity of air remaining in 
the receiver is proportionable to the defect of 
tbe height of the quick^ver in the gage, from 
what it is at that time in the barometer. 7 



If Tapoor hat been produced in the course of any ex- 

perimenty 
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I shall now ^ve an account of the experiments jlect 
made with the au'-pump in my lectures ; shew- ^^ 
ing the resistance, weight, and elasticity, of the' ' 
air. 



I. To skew the remtance of the air. 

1 . There is a little machine, consisting of two 
mills, a and i, which are of eqiial' weights, in- ^ ******* 
dependent of each other, and turn equally free 
on their aids in the frame. Each mill has four 
thin arms or sails, fixed into the axis : {hose of 
the mill a have their planes at right angles to 
its axis, and those of b have their planes parallel 
to it. Therefore, as the mill a turns round in 
common air, it is but little resisted thereby, 
because its sails cut the air with their thm 
edges : but the mill b is much resbted, because 
the broad sides of its sails move against the air 
when it turns round. In each axle is a pin near 
the middle of the frame, which goes quite 
through the axle, and stands out a little on each 
side of it : upon these pins the slider d may be 
made to bear, and so hinder the mills nrom 
going, when the strong spring c is set on bend 
against the opposite enils of the pins. 

Having set this machine upon the pump-plate 
LL (Iiff. 1), draw up the slider d to the pins 
on one side, and set the spring c at bend upon 



pcriment, the rcceivery the tubes, and the barrels, of the 
pump must be carefullyjreed from it before a new expe- 
riment is performed. This is done by exhausting a large 
fcceiver, mto which the vapour diffuses itself; and if not 
taken away» is at least greatly rarefied, according to the 
capacity of the receiver. — Ed. 
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lEcr. the opposite ends of the pins : then push do^m 
^^ the slider d^ and the ^ring acting equaUy strong 
i^on each mill, will set them both agoing wira 
equal forces and velocities : but the mill a will 
run much longer than the mill b^ because the 
air makes much less resistance against the edges 
of its sails^ than against the sides of the sails 
of*. 

Draw up the slider again, and set the spring 
upon. the pins as before; then cover the ma- 

F%. I. chine with the receiver M upon the pump-plate, 
and having exhausted the receiver of air, push 
down the wire PP (through the cellar of lea- 
thers in the neck q) upon the slider ; which will 
disengage it from die pins, and allow the milk 
to turn round by the impulse of the spring : and 
as there is no air in the receiver to make any 
sensible resbtance against them, they will botn 
move a considerable time longer than they did 
in die open air ; and the moment that one stops, 
the other will do so too. — ^This shews that air re- 
sists bodies in modon, and that equal bodies meet 
with different degrees of resistance, according as 
they present greater or less surfaces to the air, 
in the planes of their motions. 

Sig. 4. 3* Take off the receiver M, and the mills ; 

and having put the guinea a and feathtf b upon 
the brass flap p turn up the flat, and shut it into 
the notch d. Then, putting a wet leather over 
the top of the tall receiver A J5, (it being open 
both at top and bottom) cover it with the plate 
C, from which the guinea and feather tongs e d 
will then hang within the receiver. This done, 
pump the air out of the receiver ; and then draw 
up the wire f a little, which by a square piece 
on its lower end will open the tongs e d ; and 
the flap falling down as at e^ the guinea and 
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feather \viU descend with equal velodties in the ixcr. 
receiver ; and both will fall upon the pinnp-plate ^ ^ 
at the same instant. 

jy. B. In this experiment, the observers ought 
not to look at the top, but at the bottom, of the 
receiver ; in order to see the guinea and feather 
bXX upon the plate ; otherwise on account of the 
auickness of their motion, they will escape the 
sight of the beholders. 



II. To shew tfie weight of tlie air» 

1. Having fitted a brass cap, with a valve Wei|^t cf 
tied over it, to the mouth of a thin bottle or^**^ 
Florence fla^, whose contents are exactly known, 
screw the neck of this cap into the hole i of the 
putnp-plate : then, having exhausted the air out 
of the flask, and ^en it off from the pump, let 
it be suspended at one end of a balance, and 
nicely counterpoised by weights in the scale at 
the other end : this done, raise up the valve with 
a pin, and the air wUl rush into the flask with 
an audible noise : during which time, the fladk 
will descend, 2aid pull dovm that end of the 
beam. When the noise is over, put as many 
grains into the scale at the other end as will re- 
store the equilibrium ; and they will shew exact* 
ly the weight of the quantity of air which has 
got into the flask, smd filled it. If the flask holds 
an exact quart, it will be feund, that 16 grains 
will restore the equipoise of the balance, when 
the quicksilver stamds at 294- ^ches in the baro* 
meter : which shews, that when the air is at a 
mean rate of density, a quart of it weighs 16 
grains: it weighs more when the quidcsilver 
stands higher ; and less when it sunds lower. 
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LECT. 2. Place the small receiver (Fig* 1) oyer 
^^ ^ the hole i m the pump-plate^ and upon exhaust- 
'mg the air, the receiver will be fixed down to 
the plate by the pressure of the air on its out- 
side, which is left to act alone, without any air 
in the recdver to act against it : and this press- 
ore will be equal to as many times 15 pounds, 
as there are square inches in that part of the 
plate which the receiver covers ; which will hold 
down the receiver so fast, that it cannot be got 
off, until the air be let into it by turning the cock 
k ; and then it becomes loose. 
Fig. i. 3. Set the little glass A B (which is open at 

both ends) over the hole i upon the pump- 
* plate L /., and put your hand close upon the 
top of it at B : then, upon exhausting the air 
out of the glass, you will find your hand pressed 
down with a great weight upon it : so that you 
can hardly release it, until the air be re-admit- 
ted into the glass by tiuning the cock h ; which 
air, by acting as strongly upward against the 
hand as the external air acted in pressing it 
downward, will release the hand from its con- 
finement. 
r«. ^ 4* Having tied a piece of wet bladder b over 

the open top of the glass A (which is also open 
at bottom) set it to dry, and then the bladder 
will be tight like a drum. Then place the open 
end A upon the pump-plate, over the hole /, 
and begin to exhaust the air out of the glass. 
As the air is exhausting, its spring in the glass 
will be weakened, and give way to the pressure 
of the outward air on the bladder, which, as it 
is pressed down, will put on a spherical concave 
figure, which will grow deeper and deeper, un- 
til the strength of the bladder be overcome by 
the weight of the airj and then it wiU burst 
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with a report as kmd as that of a gun.— If a flat lbct. 
jNece of glass be laid upon the open top of this , ^^ 
recdver, .and joined to it by a flat ring of wet 
leather between them; upon pumping the air 
out of the receiver, the pressure of the out- 
ward air upon the flat glass will break it to 
pieces. 

5. Immerse the neck cd of the hollow glass vig* 7* 
bail eb in water, contained in the phial aai 
then set it upon the pump^plate, and cover it 
and the hole i with the close receiver A ; and 
then begin to pump out the air. As the air 
goes out of the receiver by its spring, it will also 
by the same means go out of the hollow ball e b^ 
through the neck d c, and rise up in bubbles to 
the surface of the water in the phial; from 
whence it will make its way, with the rest of 
the air in the receiver, through the air-pipe 
GG and valves a and bj into the open an*. 
When it has done bubbling in the phial, the 
ball is sufficiently exhausted ; and then, upon 
tummg the cock A, the aur will e^ into die re- 
cdver, and press so much upon the surface of the 
water in the phial, as to force the water up into 
the ball in a jet, through the neck cd; and 
will fill the ball almost full of water. The rea- 
son why the ball is not quite filled, is because 
all the air could not be taken out of it ; and the 
small quantity that was left in, and had expand- 
ed itself so as to fill the whole ball, is now con- 
densed into the same state as the outward air, 
and remains in a small bubble at the top of the 
ball ; and so keeps t^e water from filbng that 
part of the ball. • 

6. Pour some quicksilver into the jar Z), and >%• >• 
set it on the pump-plate near the hole i ; then 
set on the tall open receiver ^ ^, so as to be 
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zMcr. oyer the jar and hole ; and cover the recenrer 
^^ with the brass plate C. Screw the open glass 
tube/£^ (which has a brass top on it at A) info 
the synnge H^ and putting the tube through' a 
hole in the middle of the pk^, so as to immafise 
the lower end of the tube e in the quicksilver at 
J)y screw the end h of the syringe into the plate« 
This done, draw up the jHStcm in the syringe by 
the ring /, which will make a vacuum in the 
syringe below the piston ; and as the upper end 
of the tube opens mto the syringe, the air wiU 
be dilated in the tube, because part of it, by its 
spring, gets up into the syringe ; and the sprmg 
ef the undulated air in the receiver acting upon 
the surface of the quicksilver in the jar, wiO 
force part of it up into the tube : for the quick- 
silver will follow the piston in the syringe, in the 
same way, and for the same reason, tmit water 
follows the piston of a common pump when it is 
raised in the pump barrel ; and this, according 
to some, is done bv suction. But to refute that 
erroneous notion, let the air be pumped out of 
the receiver j4 JB, and then all the quicksilver in 
the tube will fall down by its own weight into 
the jar ; and cannot be again raised one hair's 
breadth in the tube by working the syringe: 
which shews that suction had no hand in raismg 
the quicksilver ; and, to prove that it is done bv 
pressure, let the air into the receiver by the cock 
k (Fig. 1), and its action upon the siu^e of the 
quicksilver in the jar will raise it up into the 
tube, although the piston of the syringe con- 
tinues motionless. — ^If the itube be about 32 or 
Sd inches high, the quicksil^r will rise in it 
very near as high as it stands at that time in the 
barometer. And, if the syringe has a small 
hole, as m, near the top of it, and the piston be 
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drawn up above that hole, the air will rush ^^^^^ 
through the hole uito the syringe and tube, and ' vl ' 
the quicksilver will immediatdj £dl down into^*" v "^ 
the jar. if this pan of theajqoratusbeair-tight^ 
the quidEisilver may be pumped up into the tube 
to die same height that it stands in the barome* 
ter ; but it will go no higher, because then the 
weight of the column of quicfcpilver in the tubd 
is the same as the wcurht gi a cohunn of air of 
die same thickness wim the quicksilver, reaching 
from the earth to the top of die atmosphere. 

7* Having placed the jar ^,. widi some quick- % . 9# 
alver in it, on the pump-plate, as in the last 
experiment, cover it with the receiver B ; then 
push the open end of the ghss tube de through 
the collar of leathers in the brass neck C (which 
it fits so as to be ahr-dght) almost down to the 
quicksilver in the jar* Then exhaust the air 
out of die receiver, and it will also come out of 
die tube, because die tube is dose at top. When 
the gauge m m shews that the receiver is well 
exhausted, push down the tube, so as to immerse 
its lower end into the quicksilver in the jar. 
Now, although the tube be exhausted of air, 
none of the qmcksilver will rise into it, because 
there is no air left in the receiver to press i^ion 
its surface in the jar. But let the air into the 
receiver by the cock A, and the quicksilver will 
immediately rise in the tvbe ; and stand as high 
in it, as it was pumped up in the last experi« 
menCi 

Bodi these experiments shew; that the quick- 
silver is suppcMted in the barometer by the press- 
ure of the air on its sur&ce in the b(»c, in which 
the open end of the tube is pbced. And thai 
the mQre dense and heavy the air is, the higher 
does the quicksilver rise ; and, on the contrary. 
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iMcr. the thnmer and lighter the air is, die more mil 
^^ the quicksilver fall. For if the handle F be 
turned ever so little, it takes some air out of the 
receiver, by raising one or other of the pistons 
in its barrel ; and consequently, that which re- 
mains in the receiver is so much rarer, and 
has so much the less sprinj^ and weight ; and 
thereupon, die quicksilver rails a littk in the 
tube : but upon turning the cock, and re-admit- 
ting^ the air into the receiver, it becomes as 
weighty as before, and the quicksilver rises agaift 
to die same he^ht.-^Thus we see die reason 
why the quick^ver in the barometer falls be« 
fore rain or snow, and rises before &ir weather; 
for, in the former case, the air is too thin and 
light to bear up the vapours, and in the latter, 
too dense and heavy to let them £dl. 

iVl B. In all mercurial experiments with the 
air-pump, a short pipe must be screwed into the 
hole f, so as to rise about an inch above the 
plate, to prevent the quicksilver from getting 
into the air-pipe and barrels, in case any of it 
should be accidentally spilt over the jar ; for if 
it once gets into the pipes or barrels, it spoils 
them, by loosening the solder, and corroding the 
brass. 

8. Take the tube out of the receiver, and put 
one end of a bit of dry hazel branch, about an 
inch long, right into the hole, and the other end 
right into a hole quite through the bottom of a 
small wooden cup : then pour some quicksilver 
into the cup, and exhaust the receiver of air, 
and the pressure of the outward air, on the sur- 
face of the^uicksilYer, will force it through the 
pores of the hazdf, from whence it will descend 
m a beautiful shower into a glass cup placed un* 
der the receiver to catch it. 
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9. Put a wire through the collar of leathers ia lsct. 
the top of the receiver, and fix a bit of dry wood ^^' ^ 
on the end of the wire within the receiver ; then *" ' 
exhaust the air, and push the wire down, so as 

to immerse the wood into a jar of quicksilver on 
the pump^plate ; this done, let in the air, and 
upon taking the wood out of the jar, and split- 
ting it, its pores will be found full of quicksilver, 
which the force of the air, upon being let into 
the receiver, drove into the wood. 

10. Join the two brass hemispherical cups ^Magdc- 
and B together, with a wet leather between .^^^cs!"" 
them, having a hole in the middle of it ; then ^^k- ^^ 
screw the end D ©f the pipe C D into the plate 

of the pump at i, and turn the cock £, so as the 
f»pe may be open all the way into the cavity of 
the hemispheres: then exhaust the air out of 
them, and turn the cock a quarter round, which 
will shut the pipe C/>, and keep out the air. 
This done, unscrew the pipe at D from the 
pump ; and screw the piece F H upon it at i> ; 
and let two strong men try to puU the hemi* 
spheres asunder by the rings g and A, which they 
will find hard to do : for u the diameter of the 
hemispheres be four inches, tbey wiH be pressed 
together by the external air witn a force equai 
to 190 pounds. And to shew that it is the press- 
ure of the air that keq)S them together, hang 
them by either of the rings upon the hook P of 
the wire in the receiver M (Fig. 1), and upon 
exhausting the air out of the receiver, they will 
fall, asunder of themselves. 

1 1. Place a small receiver (Fig^l) near the 
hole t on the pump-plate, and cover both it and 
the. hole with the receiver Af; and turn f he ^ 

Awife so by the top P, that its hook may take 
hold of the little recdver by a ring at its top. 
Vol. I P 
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LEcr. allowing diat recehrer to stand with its own 
VI. weight on the plate. Then, upon working the 
"^^"■^ pump, the air will come out of both receivers ; 
but the laige one M will be forcibly held down 
to the pmnp by the pressure of the external air^ 
while die small one 0, having no air to press up- 
on it, will continue loose, and may be drawn up 
and let down at pleasure, by the wire P P. But, 
upon letting it quite down to the plate, and ad- 
mitting the air into the receiver Af, by the cock 
ky the air will press so strongly upon the small 
receiver 0, as to fix it down to the plate ; and 
at the same time, by cotmteibalancing the out- 
ward pressure on the large Deceiver M, it will 
become loose. This experiment evidently shews, 
that the receivers are held down by pressure, and 
not by suction, for the internal receiver conti- 
nued loose while the operator was pumping, and 
the external one was held down; but the former 
became fast immediately by letting in the air 
upon it. 
Pig. XI. 12. Screw the end -^ of the brass pipe j4B F 
into the hole of the pump-plate, and turn the 
cock e until the pipe be open ; then put a wet 
leather upon the plate c dj which is fixed on the 
pipe, and cover it with the tall receiver G Hy 
which is close at top : then exhaust the air out 
of the receiver, and turn the cock e to keep it 
out ; which being done, unscrew the pipe from 
the pump, and set its end A into a bason of wator, 
and turn the cock e to open the pipe; on which, 
^ there is no air in the receiver, the pressure of 
the atmosphere on the water in the bason will 
drive the water forcibly through the pipe, and 
make it play up in a jet to the top of the re- 
ceiver. 
'**^ 13. Set the square phial ji (Fig. 14) upon 
%Lt puQip-plate, and having covered it with the 
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vore cage By put a close receiver over it, and 24CT« 
exhaust the air out of the receiver ; in doing of , _ 
which, the air will also make its way out of the 
phial through a small hole in its neck under the 
valve b. When the air is exhausted, turn the 
cock below the plate, to readmit the air into the 
receiver : and as it cannot get into the phial again, 
because of the valve, the phial will be broke 
into a thousand pieces by the pressure of the 
air upon it. Had the pnial been of a round 
form, it would have sustained this pressiire like 
an arch, without breaking ; but as its sides are 
flat, it cannot. 



To sliew the elasticity or spring of the ain 

14. Tie up a very small quantity of air in atiatticiiy^ 
bladder, and put it under a receiver ; then ex* ©^ «^ »*^- 
haust the air out of the receiver ; and the small 
quantity which is confined in the bladder (having 
nothing to act against it) will expand itself so 

by the force of its spring, as to fill the bladder 
as full as it could be blown of common air* But 
upon letting the air into the receiver again, it 
voll overpower the air in the bladder, and press 
its sides almost close together. 

15. If the bladder so tied up be put into a 
wooden box, and have 20 or SO pound weight 
of lead put upon it in the box, and the box be 
covered with a close receiver ; upon exhausting 
the air out of the receiver, that air which is con- 
fined in the bladder will expand itself scr^^is to 
raise up all the lead by the force of its spi%(2g» 

16. Take the glass ball mentioned in the fifth f^. ;. 
experiment, which was left fuU of water all but 

a small bubble of air at top, and iiaving 8«t it 

* 
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Fig. II. 



Fig. 15. 



with its neck downward into the empty phial 
a a, and covered it with a close receiver, ex- 
haust the air out of the receiver, and the small 
bubble of air in the top of the ball will expand 
itself, so as to force all the water out of the batt 
into the phSaL 

1 7. Screw the pipe A B into the pump-plate^ 
place the tall receiver G H upon the plate c rf, as 
in the twelfth experiment, and exhaust the air 
out of the receiver; then turn the cock e to keej> 

• out the air, unscrew the pipe from the pump, 
and screw it into the mouth of the copper vessel 
C C (Fig. 15), the vessel having first been about 
half filleil with water. Then open the cock e 
(Fig. 11), and the spring of the air which is con- 
fined in the coppe;* vessel will force the water 
up through the pipe -^ J5 in a jet into the ex^ 
hausted receiver, as strongly as it did by its 
pressure on the surface of the water in a bason) 
m the twelfth experiment. 

18. If a fowl, a cat, rat, mouse, or bird, be 
put under a receiver, and the air be exhausted, 
the animal will be at first oppressed as with a 
great weight, then grow convulsed, and at last 
expire in all the agonies of a most bitter and 
cruel death. But as this experiment is too 
shockine to every spectator who has the least de- 
gree of humanity, we substitute a machine called 
the lungs-glass in place of the animal. 

1 9. If a butterfly be suspended in a receiver, 
by a fine thread tied to one of its horns, it will fly 
about in the receiver, as long as the receiver 
continues full of air ; but if the air be exhausted, 
though the animal will not die, and will ccmdnue 
to flutter its wings, it cannot remove itself from 
the place where it bangs in the middle of the te- 
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ceiver, until the air be let in again, and then the lect. 
animal will fly about as before. ^^ 

20. Pour some quicksilver into the small bot-pig, ^i. 
tie j4y and screw the brass collar c of the tube 
B C into the brass neck b of the bottle, and the 
lower end of the tube will be immersed in the 
quicksilver, so that the air above the quicksilver 
in the bottle will be confined there, because it 
cannot get out about the joinings, nor can it be 
drawn. out through the quicksilver into- the tube. 
This tube is also open at top, and is to be cover.- 
ed with the receitfer G and large tube JEF, 
which tube is fix,ed by brass collars to the re- 
ceiver, and is close at the top. This preparation 
being made, exhaust the air both out of the re« 
ceiver and its tube; and the air will, by the same 
means,' be exhausted out of the inner tube B C,- 
through itc open top at C : and as the receiver 
and tubes are exhausting, the air that is confined 
in the glass bottle j4 will press so by its spring 
upon the surface of the quicksilver, as to force • 
it up in the inner tube as high as it was raised 
in the ninth experiment by the pressure of the 
atmosphere ; which demonstrates that the spring 
of the air is equivalent to its weighty 

21. Screw the end C of the pipe C D into the Fig. 13. 
hole of the pump-plate, and turn all the three 
cocks e/, G, and H^ 30 as to open the communis 
cations between all the three pipes £, F^ D, C, 
and the hollow trunk ji J?. Then, cover the 
plates g and h with wet leathers, which have 
holes in their middle where the pipes open intb 
the plates ; and place the close receiver I upon 
the plate g : this done, shut the pipe F by turn- 
ing the cock //, and exhaust the aur out of the 
receiver /. Then, turn the cock d to shut out 
the air, unscrew the machine from the pump, 

P3 
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LicT. and having screwed it to the wooden foot L put 
VI. the recdver K upon the plate h ; this receiver 
will continue loose on the plate as long as it 
keeps full of air ; which it will do until the cock 
H be turned to open the communication between 
the pipes F and E^ through the trunk ^ B ; and 
then the air in the receiver Kj having nothing to 
act against its spring, will run from A into /, un- 
til it be so divided between these receivers* as to 
be of equal density in both ; and then they will 
be held down with equal forces to their plates by 
the pressure of the atmosphere ; though eacn 
receiver will then be kept dovm but with one 
half of pressure upon it, that the receiver / had, 
when it was exhausted of air ; because it has now 
one half of the common air in it which filled the 
receiver K when it was set upon the plate ; and 
therefore a force equal to half the force of 
the spring of common air, will act within the 
receivers against the whole pressure of the com- 
mon air upon their outsides. This is called 
transferring the air out of one vessel into an- 
other. 

Iff. i4« ^^* Pnt a cork into the square phial ^, and 
fix it in with wax or cement; put the phial upon 
the pump-plate with the wire cage B over it, 
and cover the cage with a close receiver. Then, 
exhaust the air out of the receiver, and the air 
that was corked up in the phial will break the 
phial by the force of its spr^g, because there is 
no au: left on the outside of the phial to act 
against the air within it. 

23. Put a shrivelled apple imder a close re- 
ceiver, and exhaust the air ; then the spring of 
the air within the apple will plump it out, so as 
to cause all the wiinkles to disappear ; but upon 
letting the air into the receiver a^n, to presi 
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upon the apple^ it ixill instantly return to its lect. 
former decayed and, shrivelled state. . ^'^ 

24. Take a fresh egg, and cut oflF a little of 
the shell and film from its smallest end, then put 
the egg under a receiver, and pump out the air $ 
upon which, all the contents in the egg will be 
forced out into the receiver, by the expansion of 
a small bubble of air contained in the greaf end, 
between the shell and film. 

25. Put some warm beer into a glass, and hav- 
ing set it on the pump, cover it with a close re- 
ceiver, and then exhaust the air. While this is 
doing, and thereby the pressure more and more 
taken oflF firom the beer in the glass, the air there- 
in will expand itself, and rise up in innumerable 
bubbles to the surface of the beer; and from 
thence it will be taken s^way with the other air 
in the receiver. When the receiver is nearly ex- 
hausted, the air in the beer, which could not 
disentangle itself 4)uick enough to get off with 
the rest, will now expand itself so as to caus(^ 
the beer to have all the appearance of boiling ; 
and the greatest part of it will go over the 
glass. 

26: Put some warm water into a glass, and puC 
a bit of dry wainscot or other wood into the 
water. Then, cover the glass with a close re- 
ceiver, and exhaust the air ; upon which, the air 
in the wood havine liberty to expand itself, will 
come out plentifully, and make all the water to 
bubble about the wood, especially about the 
ends, because the pores lie lengthways. A cubic 
inch of dry wainscot has so much air in it, that it 
will continue bubbling for near half an hour 
together. 
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the syringe H(Fig. 8) to a piece 
^* <4 )e^ that weighs one pound at least; and, 

die lead in one hand, pull up the piston 
tile syringe with the other ; then quitting hold 
of (he lead, the air will push it upward, and 
drive back the syringe upon the piston. The 
reason of this is, that the drawing up of the pis- 
ton makes a vacuum in the syringe, and the air^ 
which presses every way equally, having nothing 
to resist its pressure upward, the lead is therd^y 
pressed upward, contrary to its natural tendency 
by gravity. If the syringe, so loaded, be hung 
in a receiver, and the air be exhausted^ the 
syringe and lead will d^cend upon the piston- 
rod by their natural gravity ; and upon admit- 
ting the air into the receiver, they will be driven 
upward again, until the piston be at the very 
bottom of the syringe. 

28, Let a large piece of cork be suspended 
by a thread at one end of a balance, and coun- 
terpoised by a leaden weight, suspended in the 
same manner, at the other. Let this balance be 
hung to the inside of the top of a large receiver; 
which being set on the pump, and the air ex- 
hausted, the cork will preponderate, and shew 
itself to be heavier than the lead ; but upon 
letting in the air again, the equilibrium will be 
restored. The reason of this is, that since the 
air is a fluid, and all bodies lose as much of their 
absolute weight in it as is equal to the weight 
of their bulk of the fluid, the cork, being the 
larger body, loses more of its real weight than 
the lead docs ; — and therefore must in fact be 
heavier, to balance it under the disadvantage of 
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losing some of its weight : which disadvantage i^ect« 
being taken oS by removing the air, the bodies ^ 
then gravitate according to tlieir real quantities 
of* matter, and the cork, which balanced the 
lead in air, shews itself to be heavier when in 
vaeuo.^ 

29. Set a lighted candle upon the pump, and 
cover it with a tall receiver. If the receiver 
holds a gallon, the candle will burn a minute ; 
and then, after having gradually decayed from 
the first instant, it will go out : which shews, that 
a constant supply of fresh air is necessary to feed 
tiame ; and so it also is for animal life. For a 
bird.kept \mder a close receiver will soon die, 
.although no air be pumped out} and it is 
found, that, in the diving-bell, a gallon of air 
is sufficient only for one minute for a man to 
breathe in. 

The moment when the candle goes out, the 
smoke will be seen to ascend at the top of the 
receiver, and there it will form a sort of cloud ; 
but, upon exhausting the air, the smoke will fall 
down to the bottom of the receiver, and leave it 
as clear at the top as it was before it was set upon 
the pump. This shews, that smoke does not 
ascend on accoimt of its bein^ positively light, 
but because it is lighter than air ; and its fklU 
ing to the bottom when the air is taken away^ 
shews that it is not destitute of weight. So most 
sorts of wood ascend or swim in water ; and yet 
there are none who doubt of the wood*s having 
gravity or weight. 



' In this experiment the cork must be coTered all over 
With a piece of tliin wet bladder elued to it, and not used 
until it be thoroughly dry.— £d. 
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30. Set a receiver, which is open at top, upon 
die air-pump, and cover it vnm a brass plate, 
and wet learner ; and having exhausted it of air, 
let the air in again at top through an iron pipe, 
makinj? it pass through a charcoal flame at the 
end of the pipe ; and, when the recdver is full of 
that air, lift up the cover, and let down a mouse 
or bird into the receiver, and the burnt air will 
mmiediately kill it. If a candle be let down into 
that air, it will go out dhrectly ; but, by letting 
it down gently, it will purify tlie air so far as it 
goes ; and so, by letting it down more and more, 
the flame will drive out the bad air, and good air 
will get in. ' 

31. Set a beil upon a cushion on the pump- 
phte, and cover it with a receiver ; then shake 
the pump to make the clapper strike against the 
bell, and the sound will be very well heard; but, 
exhaust the receiver of air, and then, if the 
clapper be made to strike ever so hard against 
the bell, it will make no sound at all ; which 
shews, that air is absolutely necessary for the 
propagation of sound. 

32. Let a candle be placed on one side of a 
receiver, and viewed through the receiver at 
some distance ; then, as soon as the air begins 
to be exhausted, the receiver will be filled with 
vapours which rise from the wet leather, by the 
spring of the air in it ; and the light of the candle 
being refracted through that medium of vapours, 
will have the appearance of circles of various 
colours, of a fJEunt resemblance to those in the 
rain-bow. 

The air-pump was invented by Otho Guerick 
of Magdeburg, but was much improved by Mr. 
Boyle, to whom we are indebted for our greatest 
part of the knowledge of the wonderful proper- 
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ties of the air, demonstrated in the above eiqpe- ud 
riments/ vl 

The elastic air which is contained in man^ 
bodies, and is kept in them by the wdght of the 
atmosphere, may be got out of them either by 
boiling, or by the air-pump, as shewn in the 
25"^ experiment: but the fixed air, which is 



* The air-pump was invented in l654» and aftenvards 
much improved by Papin^ Hooke* HawksbeCy and Grave- 
sande. . The greatest improvement, however, upon this in- 
strument we owe to the ingenious Mr. bmeaton, (see 
Phil. Trans, vol. xlvii, p. 410). Smeaton's air-pump has 
lately been much improved by Mr. Haas, who has like- 
wise invented another of his own* The first is described 
in. the PhiL Trans, vol. Izxiii, and the h^t in Cavallo'a 
Nat. Phil. vol. ii, p. 4^2. New air'pumps have also been 
contructed by Mr. Prince* an American gentleman, and 
Mr. Cuthbertson, philosophical instrument mak^, Ijxm^ 
don ; both of which are described in the Encydopcedia 
Britannica* article Pneumatics. Mr. Smeaton's air-pump^ 
and that which was first constructed by Mr. Haas, may 
be employed as a condensing engine, merely by changing 
the communication between the plate of the pump and the 
cylinders. About a year ago, a mercurial air«pump was 
ipvented by Sir A. N. Edelcrantz, counsellor of the 
chancery, and private secretary to the king of Sweden. 
Its exhausting power is unlimited i a property which no 
other air«pump possesses. It operates by means of mer« 
tury, raised and lowered in a wooden cylinder by a plogt 
and the upper communication with the receiver is made 
through an iron cock. Excepting this cock, all the parta 
of the machine may be executed by common workmen. A 
description of this air-pump by its inventor, may be seen 
in Nicholson's Journal for 'March 1804, N^ 2/. Mr, 
Mendellsshon, a mathemapcal instrument maker in Lob« 
don, has simplified the air-pump considerably. He makes 
the cylinders of glass, and the pistons of tini so as to b^ 
air-tight without the interposition of leathers. See the 
Journal already quoted for March 1805, N^. 39, p. 204.-« 
JEo. 
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UFCT. by much the greater quantity, cannot be got 
^^ out but by distillation, fermentation, or putre- 
faction. 

If fixed air did net come out of bodies with 
difficulty, and q>end some time in extricating 
itself from them, it would tear them to pieces. 
Trees would be rent by the change of air from 
a fixed to an elastic state, and animals would be 
burst in pieces by the explosion of air in their 
food. 

Dr. Hales found, by experiment, that the air 
in apples is so much condensed, that if it were 
let out into the common air, it would fill a space 
48 times as great as the bulk of the apples them- 
selves ; so that its pressure was equal to 1 1776 lb. 
and in a cubic inch of oak, to 19860 lb. against 
their sides. So that if the air was let loose at 
once in these substances, they would tear every 
thing to pieces about them with a force superior 
to that of gunpowder. Hence, in eating apples, 
it is well that they part with the air by degrees, 
as they are chewed, and ferment in the stomach, 
otherwise an apple would be immediate death to 
him who eats it. 

The mixing of some substances with others 
will release the air from them, all of a sudden, 
which may be attended with very great danger, 
Of this we have a remarkable instance in an ex- 
periment made by Dr. Slare ; who having put 
half a dram of oil of caraway-seed into one 
glass, and a dram of compound spirit of nitre in 
another, covered them both on the air-pump 
with a receiver six inches wide, and eight inches 
deep, and then exhausted the air, and continued 
pumping until all that could possibly' be got 
both out of the receiver, and out of^ the two 
fluids, was extricated : then, by ^ particular con- 
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trivance from the top of the receiver, he mixed ^"^S^- 
the fluids together ; upon which they produced 
such a prodigious quantity of air, as instantly 
blew up the receiver, although it was pressed 
down by the atmosphere with upward of 400 
pounds weight.* 



^ The alr-gun is an instrument of sufficient importance 
to deserve notice in a treatise on experimental philosophy. 
It consists of a barrel, to which is attached a concave ball, 
furnished with an air-valve. When this ball is filled with 
condensed air, by means of a condensing syringe, it is 
screwed below the barrel in such a manner, that the valve 
may be opened by pulling the tngger of the lock. The 
condensed air being thus allowed to escape, impels the bul- 
let in the barrel with a very considerable momentum. 
Twelve pennyweights of air, injected into a ball 3 j: inches 
in diameter, has been found to drive out fifteen bdls with 
great velocity. Sometimes the air-gun consists of two 
barrels, the space between which is the receptacle for the 
condensed air. In this case, the condenser is fixed to the 
barrel, and comes through the butt-end of the gun. 

The magazine air-gun is furnished with a winding or ser* 
pentine barrel, which holds about a dozen balls. These 
are introduced one after another into the straight barrel by 
means of a lever, and may be discharged with such rapidi- 
ty as to answer the purpose of several g^uns. 

When the concave ball is fillin? wim condensed air, by 
means of the syringe, a flash of light is often perceived, 
capable of kindling a piece of match. This curious fact 
must have some connection with the rise of the mercury in 
the thermometer when placed in condensed air^ as men* 
tioned in a preceding note See p* 193.— £b. 
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JLiioHT cbn^ts of an inconceivably great num- 
ber of particles flowing from a Iwmnous body 
in all manner of directions ; and these particles 
are so small, as to surpass all human compre- 
hension. 

That the number of paJrticles of light is in- 
conceivably great, appears from the light of a 
<!andle ; which, if there be no obstacle in the 
way to obstruct the passage of its rays, will fill 
all the space within two miles of the candle, 
every way, with luminous particles, before it has 
lost the least sensible part of its substance. 

A ray of light is a continued stream of these 
particles, flowing from toy visible body in a 
straight line : and that the particles themselves 
are incomprehensibly small, is manifest from the 
following experiment. — Make a small pin hole 
in a piece of black paper, and hold the paper 
upright on a table facing a row of candles stand- 
ing by one another ; then place a sheet of paste- 
board at a little distance behind the paper, and 
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^ome of the rays which flow from all the candles lbct. 
through the hole in the paper will form as many ^^* 
specks of light on the pasteboard as there are 
candles on the table before the plate, each speck iik 
being as distinct and clear as if there was oniy'V^ 
one speck from one single candle : which shews, ^^^ddet^c 
that the particles of light are exceedingly small, U^ 
otherwise they could not pass throueh tne hole 
frt)m so many different candles without confu- 
sion. — ^Dr. Niewentyt has computed that there 
flows more than 6,000,000,CXX),000 times as 
many particles of light from a candle in one 
second of time, as there are grains of sand in the 
whole earth, supposing each cubic inch of it to 
contain 1,000,000.' 

These particles, by falling directly upon oiir 
eyes, excite in our minds the idea of light. 
And, when they fall upon bodies, and are thereby 
reflected to our eyes, they excite in us the ideas 
of these bodies. And as every point of a visible 
body reflects the rays of light in all maimer of 
direetions, every point will be visible in every 
part to which the light is reflected from it. 



' These resiarkable facts have been used as arguments 
Ugainst the materiality of light » and as proofs of the theory 
o? Huygens and Euler, which has lately been revived by 
Dr. Yoang of the Royal Institution. AU objections* how- 
ever, of t&B ktndy vanish, when we attend to the continua- 
tion of the impression of light upon the retina, and to the 
soudl number of luminous particles which are on that ac» 
count necessary for producing constant vision. It appears 
from the accurate experiments of M. D' Arcy (Mem. Acad. 
Par. 1765, 4'% p. 716,8'% f. 450), that the impression of 
light upon the retina continues eight thirds ; and as a par- 
tide of light would aiove through 20.010 miles during 
that time, constant vision would be maintained by a succes- 
sion of luminous particles, 26.010 miles distant from each 
other.«*£D. 
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jLicT. Thus the object ACB\s visible to an eye In any 

VH. part where the rays Aa^ Abj Acy Ad^ Ae^Boj 

pII^exv,^ ^ BcyBd.Be, and Ca, Cb, Cc, Cdj Ce, 

Fig* I. *come. Here we have shewn the rays as if they 

Reflected Were Only reflected from the ends A and J9, and 

^^ from the middle point Cof the object; every 

other poiiit being supposed to reflect rays in the 

same manner. So that, wherever a spectator is 

placed with regard to the body, every point of 

that part of the surface which is toward him will 

be visible, when no intervening object stops the 

passage of the light. 

As no object can be seen through the bore 
of a bended pipe, it is evident that the rays of 
light move in straight lines, while there is no- 
thing to refract or turn them out of their recti- 
lineal course. 

While the rays of light continue in any ^ me- 
dium of an uniform density, they are straight ; 
but when they pass obliquely out of one medium 
into another, which is either more dense or 
more rare, they are refracted toward the denser 
medium : and this refraction is more or less, as 
the rays fell more or less obliquely on the re- 
fracting surface which divides the mediums. 
'^^•^' To prove this by experiment, set the empty 

vessel ABCDmto any place where the sun shines 
obliquely, and observe the part where the sha- 
dow of the edge B C falls on the bottom of the 
vessel at E ; then fill the vessel with water, and 
the shadow will reach no farther than e ; which 
shews, that the ray aB Ey which came straight 



^ Any thing through which the rays of light can pass, it 
called a medium ; as air, water, glass, diamond, or even a 
vacuum. 
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in die open air, just over the edee pf the ves- lect. 
sel at £ to its bottom at £, is remicted by fall- ^O- 
ing obliquely on the surface of the water at B ;^^^|^ 
and, instead of ^ing on in the rectilineal duec- light, 
tjion a B £, it IS bait downward in the water 
from B to e-; the whole bend being at the sur- 
&ce of the water: and so of ;dl the pther rays 
a be. 

If a stick be laid over the vessel, ana the sun's 
JCays b^ reflected from a glass perpendicularly 
into the vessel, the shadow of the stick will fall 
upon the same part of the bottom, whether the 
vessel be empty or full, which shews, that the 
rays of light are not ri^frapted when they fall 
perpendicularly on the surface ojF suiy medium. 

Tbe i^ays of light are ^s much refracted by 
passing out of water into a|r^ as by passing out 
of air into water. Thus, if a ray of light flows 
from the point e, under water, in the direction 
e By when it comes to the sur&ce of the water 
at By it wiil not go on thence in the rectilineal 
course Bd^ but wiU be refracted into the line Ba. 
Therefore, 

To an eye at e looking through a plane glass 
in the bottom of the empty vessel, the point a 
cannot be seen, becau^ the side Be oi the vessel 
interposes ; and the point d will just be seen oyer 
the edge of the vessel at B. But if the vessel be 
filled with water, the point a will be seen from e; 
and will appear as at c^ elevated in the direction 
of the ray e B.^ 



* Hencie a piece of money lying at /, in the bottom of 
an I mpcy vessel, cannot be seen by an eye at a^ because tbe 
edge of the vessel intervenes ; but let the vessel be filled 
with water, and the ray € m being then refiracted at B^ will 

^trik/e 

Fol. I. Q 
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hkcr. The time of sun-rising or setting, siipposmg 
, ^^ . its rays suffered no refiraction, is easily found by 
Thcdajt calculation. But observation proves, thilt'thi& 
f" ™*«^ sun rises sooner, and sets later every day Aan the 
thc^ifhi^. calculated' time ; the reason of which is plain, 
tion of the from what was ssud immediatdy above. For, 
«n • »p- though the sufi's rays do not come part of th^ 
way to us through water, yet they do through 
the air or atmosphere, whicn being a grosser me- 
dium than the free space between the sun and 
the top of the atmosphere, the rays, by entering 
obliquely into the atmosphere, are there refract- 
ed, and thence bent down to the earth. And 
although there are many places of the earth to 
which the sun is vertical at noon, and, conse* 
Guently, his rays can suffer no refraction at that 
time, because tney come perpendicularly through 
the atmospheiie : yet there is no place to which 
the sun's rays do not fall obliquelv on the top of 
the atmosphere, at his rising and setting ; and, 
consequently, no clear day in which the sun will 
not be visible before he rises in the horizon, and 
after he sets in it : and the longer or shorter, as 
the atmosphere is more or less replete with va- 
Fig. 3. pours. For, let ABC ht part of the earth's 
surface, DEF the atmosphere that covers it, 
and EBGH the sensible horizon of an observer 



strike the eye at a^ and so render the money visible^ which 
will appear as if it were raised up to/in the line a Bf. — A. 

If the piece of money, mentioned in the preceding note, 
be a sixpence or a shilling, and if it be placed at the bot- 
tom of a wine glass, a curious optical deception will take 
place. The real piece of money will be seen near the sur. 
face of the water, while another piece, similar to a half- 
crowii or crown, will appear at the bottom of the gla»a. 
The cause of this is obvious. — Ed. 

A- 



V 
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at B. As every point of the sun's surfigu:e sends LEcr. 
out rays of light in all manner of directions, some ^'^ 
of his rays will constantly fall upon and en. 
lighten some half of the atmosphere ; and, th^e- 
fore, when the sun is at /, below the horizon //, 
those rays which go on in the free space IhK 
preserve a rectilineal course until they fall upon 
the top of the atmosphere, and those which fall 
so about AT, are refracted at then: entrance into 
the atmosphere, and bent down in the line KmB^ 
\ to the observer's place at B : and, therefor^, to 
him the sun will appear at L^ in the direction of 
the ray BmK^ above the horiason BGH^ when 
he is really below it at /• 

The angle contained between a ray of light, 
and a perpendicular to the refracting surface, is 
called the angle of incidence ; and the angle con- AmgU «/ 
tained between the same perpendicular, and the'*'"^**'' 
same ray after refraction, is called the angle ofA»gU «/ 
refraction. Thus, let LB M he the refrawrting re/racHon. 
surface of a medium (suppose water), and jiBC '^"*' 
a perpendicular to that surface : let DB be a ray 
of light, going out of air into water at B^ and 
therein refract^ in the line BHi the angle jIBD 
is the angle of incidence, of which DF is the 
sine ; and the angle KBH is the angle of refrac- 
tion, whose sine is K I. 

When the refracting medium is water, the 
sine of the angle of incidence is to the sine of the 
angle of refraction as 4 to 3 ; which is confirm- 
ed by the following experiment, taken fix)m 
Dr. Smith's Opdcs. 

Describe the circle DA EC on a plain square 
board, and cross it at right angles with the 
straight lines ABCj and LB M\ then, from 
the intersecUon A^ with any opening of the com- 
passes, set off the equal arcs A D and A E^ and 

Q2 
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iMT. draw the right Ime DFE: then, taking Fc, 
^^ which is three quarters of the length FE^ from 
the point a, draw a I parallel to A B K^ and 
join KI parallel to B M: so KI will be equal 
to three quarters of FE or of DF. This done, 
fix the board upright upon the leaden pedestal 
O9 and stick three pins perpendicularly into the 
board, at the points Z>, By and /: then set the 
board upright into the vessel HjT^ and fill up 
the vessel with water to the line LBM. When 
the water has settled, look along the line D By 
so as you may see the head of the pin B over the 
head of the pin Z); and the pin / will appear in 
the same right line produced to G, for its head 
will be seen just over the head of the pin at £ : 
which shews that the ray I By coming fix>m the 
pin at /, is so r^fiacted at By as to proceed from 
thence in the line BD to the eye of the observer; 
the same as it would do from any point G in the 
right line DBGy if there were no water in the 
vessel : and also shews that K ly the sine of re- 
fraction in water, is to DFy the sine of incidence 
in the air, as 3 to 4.^ 

Hence, \i DB H were a crooked stick put 
obliquely into the water, it would appear a 
straight one, zs DBG. Therefore, as the line 
BH appears at BGy so the line BG will appear 
2X Bg ; and, consequently, a straight stick DBG 
put obliquely into water, will seem bent at the 
surface of the water in 5, and crooked, as 
DBg, 

When a ray of light passes out of air into 



* This 18 strictly true of the red rays only, for the other 
coloured rays are differently refi acted ; but the difference is 
90 small, that it need not be considered in this place. 
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glass, the sine of incidence is to the sine of re- lsct. 
Iraction, as S to 2 ; and when out of air into a. ^^' 
diamond, as 5 to 2.^ 

Glass may be ground into eight diflferentFig 5* 
shapes at least, for optical purposes, viz. 

1 , A plane glassy which is flat on both sides, 
and of equal thickness in all its parts, as ^. 
. 2, A piano conveXj which is flat on one side, 
and convex on the other, as B. 

3, A double convex, which is convex on both 
sides, as C. 

4, A piano concave^ which is flat on one side, 
and concave on the other, as D. 

5, A double concave^ which is concave on both 
sides, as E. 

6, A meniscusy which is concave on one side, 
and convex on the other, as F. 

7, ii-flat planO'ConveXy or multiplying glass, 
whose convex side is ground into several little 
flat surfaces, as G. 

8, A prism, which has three flat sides, and 
when viewed endwise, appears like an equilateral 
triangle, as H. 

Glasses ground into any of the shapes £, C, Z), 
£, Fy are generally called lenses. 

A right line LIK, going perpendicularly 
through the middle of a lens, is called the axis 
of the lens. 

'' An acquaintance with this property of light is useful 
to divers, and those who are accustomed to shoot fish in the 
water. For if they should aim directly at the object, 
the diver ovd the bullet would arrive at a point consider- 
ably beyond it ; whereas, by haTing some idea of the depth 
of the water, and die angle which a line drawn frqto the 
eye to the object makes with its surface, the pdiiit at the 
bottom of the water, between the eye and' the object, at 
which the aim is to be taken, may be easily detenmned.^— 
£d. 
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A ray of light G A, £dling perpendicularly on 
a pkme glass l^F^ will pass through the glass in 
the same direction h /, and go out of it into the 
air in the same right course i H. 

A ray of light A By £sdling obliquely on a 
plane glass, will go out of the glass in the same 
direction, but not in the same right line ; for, iii 
touching the glass, it will be refracted, in the line 
B Cy and, in leaving the glass, it will be refracted 
in the line CD. 
fig- 7. A ray of light CD^ falling obliquely on the 

middle of a convex glass, will go forward in the 
same direction Z) £^ as if it had fallen with the 
same degree of obliquity on a plane glass ; and 
will go out of the glass in the same direction 
with which it entered : for it will be equally re* 
fracted at the points D and £, ds if it had passed 
throu^ a plane sur&ce. But the rays CG and 
C I will be so refracted, as to meet again at the 
point F. Therefore, all the rays which flow 
from the point C^ so as to go through the glass, 
will meet again at F: and if they go farther 
onward, as to 2/, they cross at -F, and go for- 
ward on the opposite sides of the middle ray 
CDEFj to what they were in approaching it in 
the directions HF and KF. 
Fig. 8. When parallel rays, ^ ABC^ fell directly 

The pro- upon a plano-convex glass DEj and pass through 
diflfcmit i^ ^hey vidll be so refracted, as to unite in a 
icnjc*. point y* behind it : and this point is called the 
principal focm : the distance of which, from the 
middle of the glass, is called the focal distance ; 
which is equal to twice the radius of the sphere 
of the glass's convexity. And, 
Fig. 9. When parallel rays, as ABC^ fall directly 

upon a glass D E^ which is equally convex on 
both- sides, and pass through it, they will be so 
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refracted, as to meet in a point or principal focus lbct. 
fy whose distance is equal to the radius or semi*- ^"* 
diameter of the sphere of the glass's copvexity. ' * 

But if a glass be more convex on one side than 
on the other, the rule for finding the focal 
distance is this ; — as the sum of the semi-diameters 
of both convexities . is to the semi-di^metcr of 
either, so is dqublc t^e semi-diameter of the 
other to the distance of the focus. Or, divide 
the. double product of the radii by their sum, 
and. the quotient will be the distance sought. 

Since all those rays of the sun which pass 
through a convex glass are collected together 
in its focus, the force of all their heat is collected 
into that part ; and is in proportion to the com- 
mon heat of the sun, as me area of the glass is to 
the area of the focua*^ Hence we see the reason 
why a convex glasa causes the sun's rays to bum 
after passing through it. 

All these rays cross the middle ray in the focus 
fy and then diverge from it, to the contrary sides, 
in the same manner FfGy as they converged in 
the space DfE in coming to it. 

If another glass FG, of the same convexity 
as Z> £, be placed in the rays at the same dis- 
tance from the focus, it will refract them so, as 
that after going out of it, they will be all paral- 
lel, as a £ c ; and go on in the same manner as 
they came to the first glass D £, through the 
space ABC ; but on the contrary sides of the 
middle ray Bfbi for the ray Adf will go on 






^ The (bcus of a lens, properly speaking, is a mathe- 
matical point, and therefore can have no area. By the 
€trea of the ficus% the author means the mrta ^ the sun*s 
image in the ^nr/.— Ed. 
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i-HCT. from/in the direction /Ga, and the ray CEf 
^^ in the direction /-Fc ; and so of the rest. 

The rays diverge from any radiant point, as 
from a principal focus : therefore, if a candle be 
placed aty^ in the focus of the convex glass FG^ 
the diverging rays in the space FfG will be so 
refracted by the glass, as, that after going out of 
it, they will become parallel, as, shewn in the 
space cba. 

If the candle be placed nearer the gkss than 
its focal distance, the rays will diverge anerpass* 
ing through the glass, more or less, as the candle 
is more or less distant from the focus. 

If the candle be placed farther from the glassr 
than its focal distance, the rays will converge 
after passing through the glass, and meet in a 
point which will be more or less distant from the 
glass, as the candle is nearer to, or farther from, 
its focus, and where the rays meet, they will 
form an inverted image of the flame of the can- 
dle ; which may be seen on a paper placed in the 
meeting of the rays.^ 



^ The radiant point, or the point where the candle is 
placed, and the point where the iaiage is formed, are called 
conjugate foci ; so that, though every lens has only one 
principal focus . yet its conjugate foci are innumerable, vary- 
ing with the distance of the radiant point, if the distance 
of the radiant point from the centre of the lens be four 
inches, and the distance of the image six inches^ then, on 
the contrary, the distance of the image will be four, when 
the distance of the radiant point is six inches- Thus 
(Plate XVI, Fig. I ),if an object ABC^ placed before 
the lens df^ forms behind it the image r ^ a, at the distance 
e by then the same object placed at ' would form an image 
at the distance e B» Ifn be the distance of the object, or 
radiant point, / the focal length of the lens for parallel 
rays, or the distance of the image from the lens when the 

distance^ 
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Hence, if any object ABChe placed beyond ucr. 
the focus F of the convex glass d e/, some of J^^' 
the rays which flow from every point of the platz 
object, on the side next the glass, will fall upon ^^^ 
it, and after passing through it, they will be * '• 
converged into as many points on the opposite 
side of the glass, where the image of every point 
will be formed : and consequently,' tKe image 
of the whole object, which will be inverted. 
Thus, the rays j1 d^ Ae^ Afj flowing from the 
point A^ will converge in the space d af^ and by 
meeting at a, will there form the image of the 
point A. The rays Bd^ fie, B/, flowing from 
the point jB, will be united at b by the refrac- 
tion of the glass, and will there form the image 
ci the point B. . And the ra>s Cd^ Ce, Lfy 
flowing from the point C, will be united at c, 
where they will form the image of the point C 
And so of^ all the other intermediate points be- 
tween A and C. The rays which flow from 
every particular point of the object, and are unit- 
ed again by the glass, are called pencils of rays. 

If the object A B Ch^ brought nearer tu the 
glass, the picture abc will be removed to a 
greater distance. For then, the rays flo ing 
from every single point, will fall more diverging 



diitance of the object is infinitely great, and jc the distance 
of the imagCy then we shall have x = — l-j,when therayt 

fidl diverging upon the lens, and jc = — ^^when they are 

convergent ; that is, the distance of the conjugate focus is 
equal to the product of the distance of the radiant point, 
and the principal focal length of the lens, divided by the 
difference of the same quaQtitics in the first case, and their 
sum in the second,— Ed. 
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UCT. upon the glass ; and therefor^ cannot be so soon 

^y collected into the corresponding points behind 

' ^■' it. Consequently, if the distance of the object 

Fig. X. A B Che equal to the distance eB of the .focus 

of the glassy the rays of each pencil will be so 

refracted by passing through the glass, that they 

will go out of it parallel to each other ; as cf '/, 

eHy fky from the point C^.dG^ eK^fDj from 

the point B ; and dK^e EyJ. Ly from the point 

A : and therefore there will be no picture forrn^ 

ed behind the glass. 

If the focal distance of the glass, and the disn 
tance of the object froiii the iglass, be known, 
the distance of the picture from the glass may 
be found by this rule, viz. multiply the distance 
of the focus by the distance of . the object, and 
divide the product by tKeir difierencc : the quo- 
tient will be the distance of the picture. 
Fig. X. The picture will be as much bigger or less 

ths^ the object, as its distance from the glass is 
greater or less than the distance of the object. 
For, as jS e is to e £, so is ^ C to c a. So that 
\i AB Che the object, cba will be the pcture ; 
or, if cba be the object, ABC will be the 
picture. 
1 he man- Having described how the rays of light, flow- 
Bcrof ing from objects, and passing through convex 
glasses, are collected into points, and form the 
images of the objects ; it will bie easy to under- 
stand how the rays are aflfected by passing 
through the humours of the eye, and are there- 
by collected into innumerable points on the bot- 
tom of the eye, and thereon form the images of 
the objects which they flow from- For, the dif- 
ferent humours of the eye, and particularly the 
crystalline humour, are to be considered as a 
convex glass ; and the rays in passing through 



VIUOO. 
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them to be affected in the same mamier as in lect. 
passing through a convex glass. ^^^ 

The eye is nearly globular. It consists of ^^^ ^^ 
three coats and three humours. The part described. 
DHHGoi the outer coat, is called the sde-^'^'^' 
rotica^ the rest DEFG the cornea. Next 
within this coat is that called the choroides^ which 
serves as it were for a Uning to the other, and 
joins with the iris m n, m n. The iris is com- 
posed of two sets of muscular fibres ; the one of 
a circular form, which contracts the hole in the 
middle called the pupily when the light would 
otherwise be too strong for the eye ; and the 
other of radical fibres, tending everywhere from 
the circumference of the iris toward the middle 
of the pupil ; which fibres by their contraction, 
dilate and enlarge the pupil when the light is 
weak, in order to let in the more of its rays. 
The third coat is only a fine expansion of the 
optic nerve Z, which spreads like net-work all 
over the inside of the choroides, and is therefore 
called the retina ; upon which are painted (as it 
were) the images of all visible objects, by the 
rays of light which either flow or are reflected 
from them.' 

Under the cornea is a fine transparent fluid, 
like water, which is therefore called the aqueous 
humour. It gives a protuberant figure to the 



' It has been much disputed among philosophers, whe- 
ther vision is produced by the impression of light upon 
the retina^ or upon the chcmid coat ; and many plausible 
arguments have been advanced in support of each opinion. 
M. Mariotte and M. de la Hire have taken opposite sides 
in this question, the former maintaining, that the choroides 
is the seat of vision. The truth, however, seems to be, 
that both the retina and the choroides are concerned in pro- 
ducing the effect.— -Ed. 
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cornea, fills the two cavities m m and n n^ which 
communicate by the pupil P, and has the same 
limpidity, specific gravity, and refractive power, 
as water. At the back of this lies the crystalline 
humour 11^ which is shaped like a double con- 
vex glass ; and is a little more convex on the 
back than the fi)re part. It converges the rays 
which pass through it fi-om every visible object 
to its focus at the bottom of the eye. This 
humour is transparent like crystal, is much of 
the consistence of hard jelly, and exceeds the 
specific gravity of water in the proportion of 
1 1 to 10. It is inclosed in a fine transparent 
membrane, from which proceed radial fibres 
o 0, called the ligamentum ciliare all round its 
edge ; and join to the circumference of the iris. 
These fibres have a power of contracting and 
dilating occasionally, by which means they alter 
the shape or convexity of the crystalline hu- 
mour, and also shift it a little backward or for- 
ward in the eye, so as to adapt its focal distance 
at the bottom of the eye to the different distances 
of objects ; without which provision, we could 
only see those objects distinctly that were all at 
one distance from the eye.* 



* Philosophers have been at much pains to determine tn 
what way tlie eye adapts itself to different distances. Huy- 
gens and many others have imagined* along w*ith our 
author, that the crystallme lens approaches to, or recedes 
from, the retina by the contraction or dilatation of the ci- 
liary processes Dr. Pemberton and Dr. Young (Phil. 
Trans. 17^3, part 2» p. 1/5) have maintained, that the 
fibres of the crystalline are muscular, and diminish its con- 
vexity by their contraction. M. dc la Hfre supposes that 
the eye accommodates it ^elf to different dis'^^ances, by the 
contraction and dilatation of the iris ; and Dr. Moi.ro 

imagines^ 
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At the back of the crystalline, lies the vitre' lfct. 
ous humofwr KKj which is transparent like glass, ^'- 
and is largest of all in quantity, filling the whole 
orb of the eye, and giving it a globular shape. 
It is much of a consistence with the white of an 
egg, and very little exceeds the specific gravity 
and refractive power of water. ^ 



imagrineS) that this accommodation is caused by the press- 
ure of the orbicular muscles upon the upper and under 
parts of the cornea, or by the action of the rectt-muscles^ 
which) as they press chiefly upon the sides of the eye-balls, 
will elongate the axis of the eye. (8ee Monro on the Eye* 
Ear, and Brain, p. 132 — •139'. Smith's Optics, vol. ii. Re- 
marks, p. 2; and Mem. de Tacad. 1728, p. 206, 4"'.) The 
most accurate inquiries into this subject have lately 
been made by Mr. Ramsden and Mr. Everard Home. 
From a variety of experiments these philosophers conclude, 
that the organ of vision has a power of accommodating it- 
self to different distances when deprived of the crystalline 
lens ; that the laminated structure of the crystalline is not 
intended to alter its fomi, but to prevent reflection, and 
to correct spherical aberration; that the coniea is composed 
of laminie, clastic, and capable of being elongated -jV of its 
diameter ; that the tendons of the four straight muscles of 
the eye are continued to the edge of the cornea, and are 
inserted in its external laminu; ; that there is a visible aU 
teration on the figrure of the cornea ia adapting the eye to 
different distances ; that, in short, the adjustment of the 
eye is produced by three changes in the organ, an increase 
of curvature in the cornea, an elongation of the axis of 
vision, and a motion of the crystalline lens "i he first of 
these changes, according to Mr. Ramsden's computation, 
will produce -f of the ef&ct, and the other two \ of the 
quantity of adjustment.— Ed. 

' The following dimensions of the eye were determined 
by M. Petit and will be interesting to many readers, as 
they are not frequently to be met with. The diameter of 
the eye, from outside to inside, taken at a mean rate from 
six adult eyesy 9.4 tenths of an inch. The radius of the 
convexity of the cornea 3.32^4 tenths of an inch. The 
i;adiu8 of convexity of the antenQr sur^ice of the crystal. 

4 line 
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LECT. aiid as the judgment is informed by the motioR 
, ^"' of the hand in one case, so it is also by the mo* 

^^"~ tion of the eye in the other. 
^^' ^ In Fig. 4 is exhibited the . manner of seeing 

the same object ^B C, by both the eyes D and 
£ at once . 

When any part of the image cba falls upon 
the optic nenre L^ the corresponding part of the 
object becomes invisible. On which account 
nature has wisely placed the opdc na've of each 
eye, not in the middle of the bottom of the eye» 
but toward the $ide next the nose; so that what* 
ever part of the image &lls upon the opdc nerve 
of one eye, may not fall upon the opdc nerve 
of the other. Thus the point a of the image 
cba falls upon the optic nerve of the eye D^ 
but not of the eye E ; and the point e &lls upon 
the optic nerve of the eye £, but not of the eye 
D : and therefore to both eyes taken together^ 
the whole object ABCis visible. 
Plate ^ '^^ nearer that any object is to the eye, the 

X* s lai'ger is the angle under which it is seen, and 
^^' '• the magnitude under which it appears. Thus 
to the eye i), the object ABCh seen under the 
allele u4 P C ; and its image cba \& very large 
upon the retina : but to the eye £, at a double 
distance, the same object is seen under the angle 
ApCj which is equal only to half the angle 
Ap C as is evident by the figure. The image 
cb a\s likewise twice as large m the eye Z), as 
the other image c 6 a is in the eye E. In both 
these representations, a part of the image falls 
on the optic nerve, and the object in the corres- 
ponding part is invisible. 

As the sense of seeing is allowed to be occa- 
sioned by the impulse or the rays from the visible 
gbjecL upon the retina of the eye, and forming 
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the image of the object thereon, and that the re- lect. 
tm is only the ezpanaoh of the optic nerve all ^'- 
over the choroides, it should seem surprising that ^""'"^'"^ 
the part of the image which fidls on the optic 
nerve should render the like part of the object 
invisible ; especially as that nerve is allowed to 
be the instrument by which the impulse and 
hnage are conveyed to the common sensory in 
the brain. But this difficulty vanishes, when 
we consider that there is an artery widiin the 
trunk of the optic nerve, which entirely obscures 
the image in that part, and conveys no sensation 
to the brain. 

That the part of the image which ialls upon 
the middle of the optic nerve is lost, and conse- 
quently the corresponding part of the object is 
rendered invisible, is plain by experiment. For, 
if a person fixes three patches, ^, Bj C, hori- Fig. %. 
zontally, upon a white wdl, at the height of the 
eye, and the distance of about a foot uoia each 
other, and places himself before them, shutting 
the right eye, and directing the left toward the 
patch C, he will see the patches A and C, but 
the middle patch B vdll disappear. Or, if he 
shuts his left eye, and directs the right toward 
A^ he will see both A and C, but B will disap- 
pear ; and if he directs his eye toward J9, he will 
see both B and A^ but not C. For whatever 
patch is directly opposite to the optic nerve N 
vanishes. Ttus requires a little practice, af- 
ter which he will fmd it easy to direct his eye, 
so as to lose the sight of wnich ever patch he 
pleases. 

We are not commonly sensible of this disap- 
pearance, because the motions of the eye are . 
so quick and instantaneous, that we no sooner 
lose the sight of any part of an object, than we 

Vol. I. R 
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LECT. recover it again; much the same as in the 
. ^'' twinkling of our eyes, for at each twinkling we 
are blinded ; but it is so soon ov^r, that we are 
scarce ever sensible of it.* 
Fir. 4. Some eyes require the assistance of convex 

^wr^"*^ glasses to make them see objects distinctly, and 
quire spec- Others of concave. If either the cornea a b c, or 
tacici. crystalline humour e, or both of them, be too 
flat, as in the eye ^, their focus will not be on 
the retina, as at ^, where it ought to be, in or- 
der to render vision distinct; but beyond the 
eye, as at yi Consequently those rays which 
flow from the object C, and pass through the 
humours of the eye, are not converged enough 
to unite at d ; and therefore the observer can 
have but a very indistinct view of the object. 
This is remedied by placii^e a convex glass g h 
before the eye, which makes the rays converge 
sooner, and imprints the image duly on the re- 
tina at d.^ 



^ The reason why yision is not disturbed by the twink^ 
ling of our eyes is not, as our author imagines, * that we 
no sooner lose the sight of any part of an object than we 
recover it again,' but because- the impression of light con- 
tinues a considerable time on the retina. For if we ^x our 
eyes steadily upon a very minute object, and move our 
hand even slowly between the object and our eyes, vision 
will not be in the smallest degree disturbed.»-£u. 

' From what is said above, the reader will see the rea* 
son why a person below water does not see objects distinct- 
ly. For as the aqueous humour ha^ the same refractive 
power as water, the rays of light from any object uitder 
water will suffer no refraction in passing through the cor* 
nea and aqueous humour, and will therefore meet in a point 
far behind the retina. But if a diver, or any person who 
is accustomed to go below water, should use a pair of spec* 
taclcs, consisting of two convex lenses, the radius of whose 

surfacct 
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If either the cornea, or crystalline humour, lect. 
or both of them, be too convex, as in the eye ^'^ 
yi the rays that enter in from the object C, will 
be converged to a focus in the vitreous humour, 
as at y; and by diverging from thence to the 
retina, will form a very confused image thereon : 
and so, of course, the observer will have as con- 
fused a view of the object, as if his eye had been 
too flat. This inconvenience is remedied by 
placing a concave glass g h before the eye; which 
glass, by causing the rays to diverge between it 
and the eye, lengthens the focal distance so, that 
if the glass be properly chosen, the rays will 
unite at the retina, and form a distinct picture 
of the object upon it.^ 

Such eyes as have their humours of a due 
convexity, cannot see any object ' distinctly at a 
less distance than six inches; and there are 
numberless objects too small to be seen at thfit 
distance, because they cannot appear under any 
sensible angle. The method of viewing such 
minute objects is by a microscope^ of which there 



surfaces is three tenths of an inch, which is nearly the radius 
of the convexity of the cornea, he will see objects as dis- 
tinctly below water as above it. If the lenses are plano- 
convex y the radius of their curvature mesc be three twen- 
tieths of an inch. — £d. 

^ In order to find the focal distance of a lens, with which 
a short or long sij^hted person will see objects distinctly 
at a given distance, multiply the given distance by the 
distance at which the person sees distinctly, and divide this 
product by the difference of these distances ; the quotient 
will be the focal distance of the lens required* There are 
some cases in which a defect of sight cannot be remedied 
by the application either of convex or concave lenses. In 
some instances considerable benefit may be derived firpm 
(he use of a pin-hole in a card.— Ed. . 

R2 . 
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JLECT. are three sorts^ viz. the single^ the double^ 
^"' the *o/ar. 



Fip. J. The single microscope is only a small con 

'I^i*y glass, as c 3, having the object a b placed in 
focus, and the eye at the same distance on 
other ade ; so that the rays of each'pencil, fl< 
ing from every pcnnt of the object on the s 
next the glas$, may go on parallel in the sp 
between the eye and the glass; and then, 
entering die eye at Cj they will be converged 
as many diflferent points on the retina, and fc 
a large inverted i»cture AB npon it, as in 
figure.* 

* When single microscopes of large manifying po^ 
are required, it will be necessary to use glass globi 
which may be made in the following manner. Ha 
broken a bit of crown glass into small pieces by mean 
a hammer, take up several of these pieces upon the 
point of a piece of wire, and hold them in the flame < 
candle till they melt into a globule and fall down. If 
globule i% round and clear, it may be prepared for use 
placing it between two folds of thin lead or brass, per 
ated with a hole a little less than the globule. Tl 
globules may be made with greater ease, and equal 
curacy, by cutting a piece of glass with a diamond 
small slips, about one tenth of an inch broad, and thrc 
four inches long. Hold one of these slips with both h 
in the flame of a candle and draw it out into a thread ¥ 
melted. Break this thread at the middle, and hold 
two extremities in the flame of the candle till a small glo 
be £Drmed upon each. When these globules are bn 
from the glass thread, they may be prepared for use ii 
way already mentioned, care being taken that the pai 
the globule from which the thread is broken be conci 
between the two plates of lead or brass. Single m 
scropes may also be made by taking up a drop of watt 
the point of a needle, and placing it in a hole made in a 
or piece of lead. A fuller account of this water mi 
scope, together with a description of a new fluid microsc 
invented by the Editor, wfll be found in the Appec 
vol. ii.^£D« 
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To find how much this glass magnifies^ divide i^cT. 
the least distance' (which is about six inches) ^^ 
at which an object can be seen distinctly with 
the bare eye, by the focal distance of the glass ; 
and the quotient will shew how much the glass 
magnifies the diameter 6i the object. 

The double or compound microscope consists of Fig. 6. 
an object-glass c rf, and an eye-giaiss e/I The ^ !** ^^' 
small object abh placed at a little greater dis-** 
tance from the glass c d than its principal focus^ 
so that the pencils of rays flowing from the dif« 
ferent points of the object, and passing through 
the glass, may be made to converge and unite 
in as many points between g and A, where the 
image of the object will be formed ; which 
image is viewed by the eye through the eye- 
glass ef. For the eye-glass being so placed, 
that the image g h may be in its focus,' and the 



^ This distance varies in different individuals. Several 
optical writers make it eight inches ; but seven ine&Uf which 
is a medium between both» seems to be the distance at which 
good eyes examine common objects with the greatest 
distinctness and satisfaction. When the object, however, 
is microscopic, and exceedingly minute, as parallel lines at 
the distance of y^ of an inch> the distance at which the 
eye examines them will be between /at//* ami a half und Jive 
inches; so that the magnifying power of microscopes should 
be computed from this distance. Upon this new principle 
the editor has calculated a table for single microscopes. 
See Appendix.-— £d. 

* At whatever distance the two glasses are placed, the 
image ^i& may be kept in the focus of the eye-glass, by 
changing the distance of the object from the object-glass. 
As the magnifying power of the microscope increases in 
proportion to the distance between the lenses, the object 
will not be very distinctly seen when this distance exceeds 
eigk inches. It may be proper also to rcm^u-k, for the sake of 
lAiose who may wish to coa^nict miscfpBcopes of this kind, 
that the aperture of the object-gkiMr should, in general, not 

R 3 exceed 
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i.ECT. eye much about the same distance on the other 
^"' side, the rays of each pencil will be parallel, 
after going out of the eye-glass, as at e and f^ 
till they come to the eye at A, where they will 
begin to converge by the refractive power of 
the humours ; and aftfer having crossed each 
other in the pupil, and passed through the crys- 
talline and vitreous humours, they will be col- 
lected into points on the retina, and form the 
large inverted image A B thereon. 

The magnifying power of this microscope is 
as follows. — Suppose the image g* A to be six 
times the distance of the object ab from the 
object-glass c d ; then will the image be six times 
the length of the object : but since the image 
could not be seen distinctly by the bare eye at a 
less distance than six inches, if it be viewed by 
an eye-glass ej\ of one inch focus, it will there- 
by be brought six times nearer the eye \ and 
consequently viewed under an angle six times 
as large as before ; so that it will be again mag- 
nified six times : that is, six times by the ob- 
ject-glass, and six times by the eye-glass, which 
multiplied into one another, makes 36 times ; 
and so much is the object magnified in diame- 
ter more than what it appears to the bare eye ; 
and consequently 36 times 36y or 1,296 times in 
surface. 

But because the extent or field of view is 
very small in tjhls microscope, there are gener- 
ally two eye-glasses placed sometimes close 
together, and sometimes an inch asunder ; by 
which means, although the object appears less 



exceed one tenth of aninchi and must be lessened when the 
focal distance of the object-glass is small.-^ee Afpexdix 
on Optical Jmtruments.^^lLn. 
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magnified, yet the visible area is much enlarged lect. 
by the interposition of a second eye-glass ; and ^'• 
consequently a much pleasanter view is ob- 
tained.* 

The solar microscope^ invented by Dr. Lie- Fig. 3. 
burkhun, is constructed in the following man- * !**^ ^*t"^ 
ner. Having procured a very dark room, let a 
round hole be made in the window-shutter, about 
three inches diameter, through which the sun 
may cast a cylinder of rays j4j4 into the room. 
In this hole place the end of a tube, containing 
t\^'o comvex glasses and an object, viz. 1 , A con- 
vex glass a a, of about two inches diameter, and 
three inches focal distance, is to be placed in 
that end of the tube which is put into the hole. 
2, The object b b, being put between two glasses 
(which must be concave to hold it at liberty), 
is placed about two inches and a^ half from the 
glass a a. 3, A little more than a quarter of an 
inch from the object is placed the small convex 
glass c c, whose focal distance is a quarter of an 
inch.^ 

The tube may be so placed, when the sun is 
low, that his rays ji A may enter directly into 
it : but when he is high, his rays B B must be 
reflected into the tube by the plain mirror or 
looking glass C C. 

Things being thus prepared, the rays that en- 



* This additional lens is called the amplifying glass, and 
is generally about an inch and a hal&in diameter, and two 
and a half inches in focal length.— £d. 

' A very remarkable improvement may be made upon 
the solar microscope by substituting Ramsiden*» achromatic 
eye-piece instead of the convex lense rr. The image 
formed by this combination of lenses is so accurate and 
well defined, that it is infinitely superior to that which is 
formed by microscopes of the common description. — Ed. 
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LSCT. ter the tube will be conveyed by the glass a a 
^"* . toward the object b 6, by which means it will be 
strongly illuminated ; and the rays d which flow 
from it, through the magnifying glass c c will 
make a large inverted picture of the object at 
D jD, whi(£, being received on a white paper, 
will represent the object magnified in lengthy in 
proportion of the distance of the picture fronx 
the glass c c to the distance of the object from 
the same glass. Hius, suppose the distance of 
the object frpm the glsuss to be -;2. parts of an 
. inch, and the distance of the distinct picture to 
be 12 feet, or 14*4 inches, in which there are 1440 
tenths of an inch ; and ^lis number divided by 3 
tenths, gives 480 ; which is the number of times 
the picture . is longer or broader than the ob- 
ject i^ and the length multiplied by the breadth 



^ The magic lantern ioTented by Kirdber in the same 
as the sohu' micro^ipope, with this difference only^ that the 
former, instead of natural objects^ exhibits magnified pic- 
tares of transparent paintings on glass, >vhich are strongly 
illuminated by the flame of a kmp. The diameters and 
focal distances of the two lenses, also must be larger in the 
magic lantern than in the solar microscope, as a consider- 
able quantity of light is necessary to shew the transparent 
figures to the greatest advantage. The phantasmagoria 
which lately excited so much attention in this country, was 
produced by a magic lantern fitted up in a peculiar 
manner. In this exhibition, a luminous figure, representing 
sometimes a skeleton, and sometimes the nead of some emi- 
nent person, appeared before the spectators, who were 
seated in a dark chamber. It grew lesa and less, and seem* 
cd to retire to a great distance. It again advanced, and 
consequently increased in size, and having retired a second 
time, it appeared to vanish in a luminous cloud, from which 
another figure gradually arose, and advanced and* retreat- 
ed as before. The glass sliders on which the figures were 
drawn, had been first covered mth opaque vamish, or some 

black 
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shews how much the whole surface is mag- lect. 
iiified.^ viL 

Before we enter upon the description of tele- r!u^, 
scopes, it will be proper to shew how the rays 
of light are affected by passing through concave 
glasses, and also by falling upon concave mir- 
rors. 

When parallel rays, ^ a b c d efg A, pass Plate 
directly through a glass jiB^ which is equally ^7"*' 
concave on both sides, they will diverge after 
passing through the glass, as if they had come 
from a radiant point C, in the centre of the 
glass's concavity ; which point is called the ne- 
gative or virtual focus of the glass. Thus the 
ray a, after passing through the glass A iJ, will 



black pigment) and the figures had been scratched out on 
this dark ground by the point of a needle. By this means 
the figures were luminous. A screen made of gauze or 
thin silk was placed between the spectators and the lantern, 
to receive the image, and when the figures appeared to re- 
tire and grow lest, the lantern was brought nearer the 
acrecQ, tiU the front glasa was within its focal distance of 
the screen. The figure then vanished in the luminous 
cloud, which was nothing more than the image of the flame 
which illuminated the figures. When the luminous cloud 
appeared on the screen, the figure was taken out, and ano* 
ther substituted, wkich in its turn was made to advance 
and appear larger, by withdrawing the lantern from the 
8creen.-^£D. 

' In addition to the microscopes mentioned by our au- 
thor, it may be proper to take notice of two reflecting 
microscopes, one of which was invented by Sir Isaac New- 
ton» and the other by Dr. Smith of Cambrid^e< Sir Isaac's 
Is composed of a concave mirror and a -convex eye-glass, 
with the object placed between them ; and Dr. Smith's 
consists of two mirrors, the one concave and the otner con- 
vex, with a convex eye-glass, the object being plaoed be^ 
tween the specula. Sec Phil. Trans* p. 30B0 ; Smitir^^ 
Optics, voU iii and Remarks, pp. 87, 97.— *£»o. 
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ULCT. go on in the direction k /, as if it had proceeded 
^'' from the point C, and no glass been in the way. 
' The ray b will go on in the direction mn; the 

ray c in the direction ojb, &c. — ^The ray C, that 
fails directly upon the middle of. the glass, suf: 
fers no refraction in passing through it ; but goes 
on in the same rectilineal direction^ as if no glass 
had been in its way. 

If the glass had been concave only on one side, 
and the other side quite plane, the rays would 
have diverged, after passing through it, as if they 
had come ti*om a radiant point at double the dis- 
tance of C from the glass ; that is, as if the ra- 
diant had been at the distance of a whole diamc« 
ter of the glass's concavity. 

If rays come more converging to such a glass, 
than parallel rays diverge after passing through 
it, they will continue to converge after passing 
through it ; but will not meet so soon as if no 
glass had been in the way ; and will incline to- 
ward the same side to which they would have 
diverged, if they had come parallel to the glass. 
Thus the rays f and A, going in a converging 
state toward the edge of the glass at -S, and 
converging more in their way to it than the pa- 
ftllel rays diverge after passing through it, they 
will go on converging after they pass through it, 
though in a less degree than they did before, and 
will meet at /; but if no glass had been in their 
way, they would have met at i. 
Mirrtrs, When thc parallel rays, as rf/^f, Cmbj elc^ 
*^*^* *' fall upon a concave mirror A B (which is not 
transparent, but has only the surface Ab B oi 
a clear polish), they^ will be reflected back from 
that mirror, and meet in a point m, at half the 
distance of the surface of the mirror from Cj the 
centre of its concavity : for they will be reflect- 
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ed at as great an angle from the perpendicular LEcr. 
to the surface of the mirror, as they fell upon ^^ 
it, with regard to that perpendicular, but on 
the other side thereof; Thus, let C be the cen- 
tre of concavity of the mirror AbB^ and let the 
parallel rays dfa^ Cmbj and e/c, fall upon it 
at the points a &, and c. Draw the lines C i a, 
Cmb^ and CAc, from the centre C to these 
points ; and all these lines will be perpendicular 
to the surface of the mirror, because they pro- 
ceed thereto like so may radii or spokes from 
its centre. Make the angle Cah equal to the 
angle daC^ and draw the line a m A, which will 
be the direction of the ray dfa^ after it is re- 
flected from the point a of the mirror : so that 
the angle of incidence daC^is equal to the angle 
of reflection Cah; the rays making equal angles 
with the perpendicular Cia on its opposite sides. 

Draw also the perpendicular Che to the point 
c, where the ray elc touches the mirror ; and, 
having made the angle C c f , equal to the angle 
Cccy draw the line cmi^ wUch will be the 
course of the ray e/c, after it is reflected from 
the mirror. 

The ray C m h passes through the centre of 
concavity of the mirror, and falls upon it at /?, 
the perpendicular to it ; •and is therefore reflect- 
ed back from it in the same line bmC. 

All these reflected rays meet in the point m ; 
and in that point the image of the body which 
emits the parallel rays doj Cbj and ec, will be 
formed : which point is distant from the mir- 
ror equal to half the radius bvhC of its con- 
cavity.' 



' Unless the mirror AB be exactljr parabolic^ the rays 
will not meet in the point m. On this account the mirrors 

•f 
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ufcr. * The rays which jN'oceed firom anv celesdal 
^^ object mav be esteemed parallel at tne earth ; 
^ ~^ ' and therefore the images of that object will be 
formed at 77?, when the reflecting surface of the 
concave mirror is turned directlv toward the 
object. Hence, the focus m of parallel rays 
is not in the centre of the mirror^s concavity, 
but half way between the mirror and that 
centre. 

The rays which pioceed from any remote 
terrestrial object, are nearly p»%illel at the mir- 
ror ; not strictly so, but come diverging to it, 
in separate pencils, or, as it were, bundles of 
rays, from each point of the side of the object 
next the mkror : and, therefore, they will not 
be converged to a point, at the dbtance of half 
the radius of the mirror's concavity from its 



of good reflecting telescopes are portions of a paraboloid, 
which is a figure generated by the rcyolution of^a parabola 
about its axis. Let AabcB (Plate XVIII^ Fi^- 2) be 
part of a parabola^ C b its axis^ m its focus, da2L diameter, 
and let Ca be perpendicular to a line touching the parabola 
in the point a. Then, from Simson's Con. Sect. B. i. 
Prop. V, the angles daC, C am wiU be equal. But \i da 
be a ray of light parallel to the axis C b, then since the 
angle of reflection « a C is equal to the angle of incidence 
da C, am will be the course of the reflected ray which 
passes through the focus m» In the same way it may be 
shewn, that every other ray parallel to da will pass through 
flt. The parabolic speculum A 3f therefore, will converge 
parallel rays accurately to its focus. When rays are in- 
cident upon a concave mirror, which is a large portion of 
a sphere, instead of being collected in its focus, they -cross 
each other in different points ; and thus form what are de- 
nominated Tschirnhausenian, or, more frequently, caustic 
curves. These luminous curves may be seen at the bottom 
of a circular vessel of any kind, with a plane bottom, that is 
polished in the inside, and exposed either to the light of a 
candle or the sun.— -Ed.. 
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reflecting surface ; but into separate points at a lect. 
little greater dis^ce from the mirror. And ^"- 
the nearer the object is to the mirror^ the for- "— "^'"^ 
ther these points vnW be from it ; and an in- 
verted inuM;e of the object will be formed in 
them, which will seem to hang pendant in the 
air ; and will be seen by an eye placed beyond 
it (with regard to the mirror)^ in all respects 
like the object, and as distinct as the object 
itself* 

Let -^c jB be the reflectmg .surface of a mif-Kg.3. 
ror, whose centre of concavity is at C ; and 
let the upright object D Ehe placed beyond the 
centre C, and send out a conical pencil of di- 
verging rays from its upper extremity Z), to 
every point of the concave surface of the mir- 
ror AcB. But to avoid confusion, we only 
draw three rays of that pencil, as D A^ Dc^ 
DB. 

From the centre of. concavity C, draw the 
three right lines CA^ Ccy CB^ touching the 
mirror in the same points where the foresaid rays 
touch it ; and all these lines will be perpendi- 
cular to the surface of the mirror. Make the 
angle CAD equal to the angle DAC^ and draw 
the right line Ad for the course of the reflected 
ray DA: make the angle Ccd equal to the 
angle DcC^ and draw the right line c d for the 
course of the reflected ray Dd: make also the 
angle CB d equal to the angle DBCy and draw 
the right line Bd for ih^ course of the reflected 
ray D B. All these reflected rays will meet in 
the point d^ where they will form the extremity 
d of the inverted image edy amilar to the extre- 
mity D of the upright object D E. 

If the pencils of rays Efy Eg^Eh^ be also 
continued to the mirror, and their angles of re- 
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LECT. flection from it be made equal to their angles of 
V"- incidence upon it, as in the former pencil from 
JD, they will all meet at the point e by reflection, 
and form the extremity e of the image e rf, simi- 
lar to the extremity E of the object D E. 

And, as each intermediate point of the object, 
betwe^ B and £, sends out a pencil of rays in 
like manner to every part of the mirror, the 
rays of each pencil will be reflected back from 
It, and meet in all the intermediate points be- 
tween the extremities e and d of the image ; and 
60 the .whole image will be formed, not at i, 
half the distance of the mirror from its centre of 
concavity C; but at a greater distance, between 
i and the object DE; and the image will be in- 
verted with respect to the object. , 

This being well understood, the reader will 
easily see how the image is formed by the large 
concave mirror of the reflecting telescope, when 
he comes to the description of that instrument. 

When the object is more remote from the 
mirror than its centre of concavity C, the im- 
age will be less than the object, and between 
the object and mirror : when the object is nearer 
than the centre of concavity, the image will be 
more remote and bigger than the object : thus, 
if jD £ be the object, e d will be its image ; for, 
as the object recedes from the mirror, the 
image approaches nearer to it ; and as the ob- 
ject approaches nearer to the mirror, the image 
recedes farther from it, on account of the lesser 



^ It 18 a curious fact, that the image of a straight b'ne, 
formed by a mirror or lens of a spherical form, is a conic sec- 
tion, llie reader may see the demonstration of this in 
Smith's Optics, Remarksi v. ii.-^Eo. 



s. 
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or greater divereency of the pencils of rays lect, 
which proceed from the object; for, the less . ^^ 
they diverge, the sooner they are converged to , 
points by reflection; and the more they di- 
verge, the farther they must be reflected before 
they meet. 

If the radius of the mirror's concavity, and 
the distance of the object from it be known, the 
distance of the image from the mirror is found 
by this rule : divide the product of the dis- 
tance and radius by double the distance made 
less by the radius, and the quotient is the dis- 
tance required. 

If the object be in the centre of the mirror's 
concavity, the image and object will be coincid- 
ent, and equal in bulk. 

If a man places himself directly before a large 
concave mirror, but farther from it than its 
centre of concavity, he will see an inverted 
image of himself in the air, between him and 
the mirror, of a less size than himself. And 
if he holds out his hand toward the mirror, the 
hand of the image will come out toward his 
hand, and coincide with it, of an equal bulk, 
when his hand is in the centre of concavity ; 
and he will imagine he may shake hands with 
his image. If he reaches his hand farther, the 
hand of the image will pass by his hand, and 
come between his hand and his body : and if he 
moves his hand toward either side, the hand of 
the image will move towa^*d the other ; so that 
whatever way the object moves, the image will 
move the contrary way. 

All the while a by-stander will see nothing of 
the image, because none of the reflected rays that 
form it enter his eyes. 

If a fire be made in a large room, and a 
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LECT. smooth mahogany table be placed at a good 
^^' , distance near the wall, before a large concave 
^ mirror, so placed, that the light of the fire may 
be reflected from the mirror to its focus upon 
the table ; if a person stands by the table, he 
will see nothing upon it but a longish beam 
of light : but if he stands at a distance toward 
the fire, not directly between the fire and ipir- 
ror, he will see an image of the fife upon the 
table, large and erect. And if another per- 
son, who knows nothing of this matter before- 
hand, should chance to come into the room, 
and should look from the fire toward the table, 
he would be startled at the appearance ; for the 
table would seem to be on fire, and, by being 
near the wainscot, to endanger the whole house. 
In this experiment there should be no light in 
the room, but what pmceeds from the fire ; and 
the mirror ought to be at least fifteen inches in 
diameter.^ 

If the fire be darken^ by a screen, and a 
large candle be placed at the back of the screen, 
a person standing by the candle will see the 
appearance of a fine large star, or rather planet, 
upon the table, as bright as Venus or Jupiter. 
And if a small wax taper (whose flame is much 



' The following elegant theorem is given by Mr. Leslie, 
in his Essay on Heat^ P- 49 : ' Admitting the reflection of 
rays to be complete^ their power of illumination in the focus 
of a concave mirror^ is exactly the same as what would ob- 
tain if the surface of the mirror were converted into matter, 
similar to that of the luminous source, and acting with di- 
rect energy. Thus, if a concave mirror be directed to the 
moon, the brightness of the focus will be the same as if the 
mirror were removed, and a circular surface, of equal ex- 
tent, but composed of lunar {natter, >verc supposed to be 
substituted in its pl^ce. — Ed. 
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l^s than the flame of the candle) be placed near iMTt, 
the cahdle, a sateilife to the planet will appear . ^^' 
on the table : and if the taper be moved round ' 
the candle, the satellite will go romid the pla^^ 
net. 

For those two pleasing experiments I am in- 
debted to the late reverend Dr. Long, Lowndes's ^ 
professor of astronomy at Cambridge, who fa- 
voured me with the sight of them, and many 
more of his curious inventions. 

In a refracting telescope j the glass which i&JUfrmtimg 
nearest the object in viewing ijt, is called the oi-***^' 
ject'glass ; and that which is nearest the eye, is 
called the ej/e-glass. The object-glass must be 
convex, but the eye-glass mav be either convex 
or concave}^ and generally, m looking through 
a teletoope, the eye is in the focus of the eye- 
glass ; though that is not very material : for the 
distance of the eye, as to distinct vision, is in- 
diflferent, provided the rays of the pencils £adl 
upon it psu^lel : only the nearer the eye is to 
the end of the telescope, the larger is the scope 
or area of the field of view. 

Let c e{ be a convex-glass fixed in a long tube, CaiUm 
and let it have its focus at E. Then, a pencil of ^'*^' 
rays g h r, flowing from the upper extremity A of **' ^ 
the ;*emote object A £, will be s0 refi-acted by 
passing through the glass, as to converge and 
meet in the pomt/; while the pencil of rays klm 



^ When the eye-glass is coDcaTe, it is called the Galilean 
ielru(^f and when convex it is called the jfttrommucaltdetccfe. 
Although the Galilean telescope has a Tery small field of 
Tsew, and is» .on that account, unfit for viewing terrestrial 
objects, yet it shews the sateUites of Jupiter, the ring of 
Saturn, and other celestial appearances; with greater dis« 
tinctness than the astronomical teleKope.— *£d. 

m. J. s 
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fMff. flowing from the lower extremity B% of the same 
^^ otject A By and, p9s$mg through the giats, will 
omverge aad meet ia the point e: and me images 
of the points A and B will be formed -in the 
points f and e. And as all the intermediate 
points of the object, between A and J3» send out 
pencils of rays in die same manner, a sulGdent 
nun^bei' of toese pencils will pass through the 
object-gli^ c d^ and converge to as many inter- 
mediate points between e vnAfi and so wUl form 
the whole inverted ima^e e Ef, of the distinct 
object* But because this im^ge is small, a con^ 
cftye glass n o is so placed ia the end of the tube 
next the ejre, that^ts virtual focus may be at F. 
And as the rays of the pencils pais convergii^ 
through the concave glass, but converge less at* 
ter passing through it than before, to^ go on 
further, as to ^ and a, before they meet ; and the 
pendls themselves being made to diverge by 
passing through the concave ghss, they enter 
the eye, and form the large picture ab upon 
the retina, whereon it is ma^iified under the 
angle b Fa. 

Sut this tekscc^ has one inconveniency , which 
renders it unfit for most purposes, which is, that 
the pencils of rays being made to diverge by 
passing through Uie concave glass n o, very few 
of th^ can enter the pupil of the eye ; and 
therefoire the fidd of view is but very small, as 
is evident by the figure. For none of the pen- 
cils which flow either from the top or bottom of 
the object AB can enter the pupil of the eye at 
<7, but are dl stopt by falling upon the iris 
above and below the pupil : and*, therefore, only 
the middle part of the object can be seen when 
the telescope lies directly toward it, by means 
of those rays which proceed from the middle of 



■» 
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the ohjtzU So that, to see the whole of k^ the ucr. 
telescope must be mored upward and downward, ^^ 
Unless the object be very remote i and then it is ' ""^ 
nerdr seen dsdnctly. 

This inconvenience is remedied bv substitufi^ jutmmmM 
ing a convex eye-glas% as g A, in place of the^'''^* 
concave one ; and fiziog it so in the tube, that *^' ^' 
its focus may be coincident with the focus of the , 
object*»giass c ct, as at EJ For then, the rays 
of the pencils flowii^.from the object ji B^ and 
passing throush the ob}ect«<glass c d^ will meet in 
its focus, and form the inverted ims^ m Ep r 
and as the image is formed in the focus of the 
eye-glass g A, the rays of each pencil will be pa« 
rallel, dtor passmg uirough that glass ; but the 
pendk themselves, will cross in its foqus, on the 
other side, as at e ; and the pupil of the eye 
benig in this focus^ ibe image wjll be viewed 
through the glass, under the angto geh; and 
being at ii, it will appear magnified^ so as to fill 
the u^iofe space CmtpD. 

But, as this telescope inverla the image with 
respect to die object^ it gives an unpleasant view 
of terrestrial cdbjJKts \ ami is only fit for viewing 
the heavenly bodies, hi whidi we regard not 
their posidoli, because their being inverted does 
not appear on account ctf thefar biemg-round But 
whatever way the object seems to move, this te<> 
lescope ntast be movied the contrary iby, in or« 



' Sometiaai another canttx gkit it phcad belwf<n t)ie 
ofcAtd-jglsM and its principal focus, in order to cnlarre the 
£dd ofView^ and dimbish the aberration of the btenl nm. 
This eye-piece, consisting of two convex kntes, whose dis* 
tedce If equal to the sum 6f their focal distances^ is called 

S5r 
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LBCT. der to keep sight of k i for, since the- object is 
^^ inverted, its motion will be so too. 

of The magnifying power of this telescope is as 
Its the focal distance of the obiect-elass to die focal 
pow^"^ distance of the eye-glass. Therrfore, if the form- 
er be divided by the latter, the quotient will 
express the magnifying power. 

When we speak of magnifying by a telescope 
or microscope, it i&only meant with regard to the 
diameter, not to the area or solidity of the ob- 
ject. But as the instrument magnifies the ver- 
tical diameter, as much as it does the horizontal, 
it is easy to find how much the whole visible 
area or sur&ce is magnified : for, if the diameters 
be multiplied into one another, the product will 
express the amplification of .the whole visible 
area. Thus, suppose the focal distance of the 
object-glass be ten times as great as the focal 
distance of the eye-glass ; then, the object will 
be magnified ten times, both- in length and 
breadth : and lOmuIdpliedby 10 produces 100'; 
which shews, that the area oi the object will ap- 
pear 100 times as big when seen through such a 
telescope as it does to the bare eye. 
« Hence it appears, that.if the Kxral distance of 
the eye-glass were equal to the focal distance of 
the object-glass, the . magnifying power of the 
telescope would be nothing. '" 

This telescope may be made to magnify in any 
given degree, provided it be of a sufficient length : 
for, the greater the focal distance of the object- 
glass, die less may be the focal distance ot the 
eye-glass, though not directly in proportion. 
Thus, an object-glass of 10 feet focal distance, 
will admit of an eye-glass whose focal distance 
IS little more than 2^ inches ; which will magni- 
fy near 48 times: but an object-glass, of lOO 
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feet fbcus^ will require an eye-glass somewhat lect. 
more than 6 inches ; and wijl therefof^ magnify ^^* 
almost 200 times. 



A telescope for viewing terrestrial objects TekKope 
should be so constructed as to shew them inj^f^jf" 
■their natural posture. And this is done by onejectt. 
object-^ass cdj and three eye-glasses ef^ ghj ik, ng. 6. 
so placed, that the distance between any two, 
which are nearest to each other, may be equal 
to the sum of their focal distances ; as in the 
figure, where the focus of the glasses c d and 
ef meet at F^ those of the glasses ef and g h 
meet at /, and of gh and i k at m ; the eye be- 
Big at fly, in or near the focus of the eye-glass i A, 
on the other side. Then, it is plain, that these 
pencils of rays, which flow from the object A B, 
and pass through the object-gl^ c cf, will meet 
and form an inverted image CFD in the focus 
of that glass ; and the image being also in the 
focus of the shss e/j the raya of the pencils will 
become paraUel,vafter passing through that glass, 
and cross at /, in the focus oi the glass ef; from 
whence they pass on to the next glass g A, and 
by going tlMx>ugh it they are converged to points 
in its other focus, where they form an erect 
image EmF^ of the object ^£; and as this 
image is also in the focus of the eye-glass i A, and 
the eye on the opposite side of the same glass^ 
the image is viewed through the eye-glass in 
this telescope, in the same manner as mrough 
the eyte-glasis in the former one } only in a con- 
trary position, that is, in the same position with 
the object. 

The three glasses next the eye have all their 
focal distances equal : and the magnifying power 
of this telescope' is found the same way as that 
of the last'} viz. by dividing the focal distance 

S3 
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IJK3T. of the o)jject'gki88 cd^ by the foKial distance of 
,_^' . the eye-glass i *, or g^ or e/, wice all these 
thi'ee are equal. 

When the rays' of light are separated by re- 

fractiony they become coloured^ and if they be 

united again, they will be a perfect white. But 

^7 tilt ' those rays which pass through a convex glass, 

t^^^ near its edg^ are more unequally refracted than 

1^4, those which are nearer the middle of the glassf 

S^ughT ^^ "when the rays of any pencil are unequally 

tdcKope. refracted by the glass, they do not at all meet 

again in one and tne same point, but in separate 

ipoints ; which makes the ims^e indistinct and 

coloured about its edges.^ The remedy is, to 

have a phte with a smail round hole in its mid? 

die, fixed in the tube at nc, parallel to the glasses* 

For, the wandering rays about the edges of the 

gla»es will be stopt, by the plate, from coming 

to the eye ; and none admitted but those which 

come through the middle of the glass, or at least 

at a good distance from its edges, and pass 

through the hole in the middle of the plate. But 

this circumscribes the image, and lessens the field 

of view^ which would be much larger if the 

plate could be dispensed with. 

V^^ The great inoonvenience attending the nia* 

'^i^/'' nagemcnt of kmg telescopes of this kind has 

brought them much into disuse ever since the 

reflecting telescope was invented : for one of this 

sort, six feet in length, m<^nifies as much as one 

of the other an hundred teet. It was invented 



k 
i»" 



^ For in account of achronntic tdcscopes and eyc-picces, 
by whick thie colour, aiising from the di&rent refraagibi- 
lity of the rays of lights is removed^ sec Appcndixi vol. ii . 
r— Ed, ^ 
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by Sir baac Newton, but hat recehred considov 
able improvements since his time ; and is now 
generally constmcted in the follofwing manner, 
which was first prqposed by Dr. GmmryJ 

At the bottom of th^ great tube TTTTu 
placed theilgrge concare nmtor D UWF^ whose' 
principal fbcns uzim; and in its middle is a 
roimd hole P, opposite to whidh is placed the 
small mirror Z, concave toward the great okie ;* 
and so fixed to a strong wire Af, that it may 
be moved £mhet from the great mirror, or 
nejbrer to it, by means of a long screw on the 
outside of the tube, keeping its axis still in die 
same line Pmn vndi that of the great one«-^ 
Now, dnce in viewing a very remote object, we 
can scarce dee a |>6int of it but what is at least 
as broad as the ^^eat mirror, we may conadcr 
the nys of each pencil, which flow fnmi every 
point of the object, to be parallel to each other^ 
and to CO ver the whole reflecdng sur£ice DUFFd 
But, to avoid confusion in the figure, we shall 
only draw two rays of a pencil flowing from 
eacn extremity oi the object into the great 
tube, and trace their progress, through all their 
reflections and refracdons, to the eye y^ at the 



** A fuller deseripticm of Newtouitti and Gregoriin tde* 
scopes, withubles of their aperturct and ii»goifyuigpowez% 
&c* is giTen in the Appendix, vol. iL-^Eo. 

' When the small mirror is con? ez» it is then called the 
CaiiegrAiian telescope. As the small mirror b in this caie 
placed between the large specfilum and its focus, a Casie<* 
grainian telescope will be shorter, than a Gregorian tele* 
;icope of the same magnifying power, by twice the focal 
distance of the small mirror* The object, howerer, in the 
former, appears inTcrted. See Appendix, voL fi, for a far* 
tber account of the CaMegrainian telescope.-^Eo* 
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LXGT. end of the small tube t /, which is jdned to the 

^^ great one. 

Let us then suppose the object ^ jS to be at 
such a distance, that the rays C may flow from 
its lower extremity B^ and the rays E from its 
upper extremity A., Then the ray^ C £sdling 
parallel upon the great mirror at D^ .will be 
thence reflected, conyer;gmg in the direction 
D G ; and by crossisflr at /in the principal focus, 
of the mirror, they will form the upper extrem- 
ity / of the inverted image IK^ similar to the 
lower extremity B of the object AB : and pass- 
ing on to the concave mirror L (whose focus is 
at n), they will fall upon it at gy and be thence 
reflected, converging in the directi6n g N^ be- 
cause ^9» is longer than gn; and, passbg through 
the hole P in the large mirror, thev would meet 
somewhere about r,. and form tne lower ex- 
tremity b of the erect image a 6, similar to the 
lower extremity B of the object AB. But, by 
passing through the plano-convex glass R in 
their way, they form that extremity of the image 
at 6. In like manner, the rays £, which come 
from the top of the object A J?, and fall parallel 
upon the great mirror at -F, are thence reflected 
converging to its focus, where they form the 
lower extremity K of the inverted image IK, 
similar to the upper extremity j4 of the object 
AB ; and thence passing on to the small mir- 
ror X, and falling upon it at A, they are thence 
reflected in the converging state hO ; and, go- 
ing on through the hole P of the great mirror, 
they will meet somewhere about ^, and form 
there the upper e^^tremity a of the erect image • 
a bj similar to the upper extremity A of the ob- 
ject AB : but, by passing through the convex 
glass R in their way, they meet and cros^ sooner. 



V 



Of Optics. 281 

as at a, where that point of the erect image is i^^-ct. 
formed. — The like being understood of all those , ^"* 
rays which flow from the intermediate points of 
the object) between A and B^ and enter the 
tube jT T, all the intermediate points of the 
image between a and b will be formed : and the 
rays passing on from the image through the eye- 
glass S^ and through a small hole e in the end of 
the lesser tube / 1^ they enter the eye fy Nwhich 
sees the image a b (by means of the eye-glass) 
under the large angle ced^ and magnified in 
length, under that angle from c to d. 

In the best reflecting telescopes, the focus of 
the small mirror is never coincident with the 
focus m of the great one, where the first image 
lK\s formed; but a little beyond it (with re- 
spect to the eye), as at n : the consequence of 
which is, that the rays of the pencils will not be 
paraUel, after reflection from the small mirror, 
but converge so as to meet in points about 9, e, r, 
where they will form a larger upright image than 
a 6, if the glass R was not in their way ; and 
this image might be viewed by means of a single 
eye-glass f)roperly placed between the imaee 
and the eye : but then the field of view woiud 
be less, and, consequently, not so pleasant ; for 
which reatx)n, the glass K is still retained, to en- 
large (he scope or area of the field/ 



' Although our author, along with other optical writert, 
( teems to prrfer the Gregorian to the Newtonian telescope, 
yet it can scarcely he doubted, that the latter is best fitted 
for celestial observations. As a proof of this assertion, it 
might be sufficient to mention the telescopes constructed 
by Dr. Herschel, which are of the Newtonian form, and 
certainly superior, not merely in size, but in distinctness 

to 
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To find the magnifying power of this tele^ 
scope, multiply the focal distance of the great 
mirror by the distance of the small mirror from 
the image next the eye, and multiply the focal 
distance of the small mirror by the focal distance 
of the eye-glass; then divide the product of 
the former multiplication by the product of the 
latter, and the quotient will express the magni^. 
tying power.* 

I shall here set down the dimennons of one of 



to any that bare kithcrto been made* If ibe plane mirror 
be taken away from tbe Newtonian telescope, and tbe larg^ 
speculum ix^cl^ned by means of a screw to tbe incident raYS^ 
(as recommended byZ^t MMte^ id tbe work intitled M^ 
ibines g pfr§u v ie * far Pjfcad. T, Off. 61 )» \h€ obtcrrer, witb 
bis back to tbe object, may Tiew tbe imare formed trf tfac 
large speculumy witb a convex glass. Tbis impro'vcmcntf 
wbicb was made by La Makr in 1728» seems to Jiavc sug* 
gested to Dr. Hersc^el a similar practice, of tbrowing 
away the small mirror ; tbongh I believe the lairge speca^ 
lum in the Doctor's telescopes is not incba^d to tbe inci* 
dent rays.— -£d« 

^ The following method of finding the ma^pnifying power 
of telescopes is the most correct that can be siven, and an* 
swers for refracting and reflecting ones of every kind. 
Having put tip a small circle of papei^ an inch or two in 
diameter, at the distance of about a hundred yards, draw 
upon a card two black parallel lines» whose distauKe from 
each other is equal to the diameter of the paper circle. 
Then view through the telescope tbe paper circle with one 
eye, and the parallel lines with the other ; and lot the pa- 
rallel lines be moved nearer to, or farther from, the eye, 
till they seem exactly to cover tbe small circle viewed 
through the telescope. Tbe ^uotient^ obtained by divid* 
ing the distance of the paper cirqie by the distance of the 
parallel lines from the eye will be the magnifying power^ 
of the telescope. A Utile practice is necessary before thia 
experiment can be made with accuracy. See Appeodij^i 
voL ti.«— £d. 
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Mr. Short'8 reflecting telescopes, as de8cr3)ed iu uam 
Dr, Smith's Opdcs. ^ ▼» 

llie focal distance of the great mirror is 9.6 ' 
inches, its breadth 2.3 ; the focal distance of the 
small mirror hS^ its. breadth (X6: the breadth 
of the hole in the great mirror 0.5 ; the distance 
between the small mirror and the next eye-glass 
1 4,2 ; the distance between the two eye-glasses 
2«4 ( the focal distance of the eye-glass next the 
metals 3.8 ; and the focal distance of the eye*^ 
glass next the eye 1»1. 

One great advantage of the reflecting tele* 
scope is, that it will adnut c^ an eye^^glass of a 
much shorter focal distance than a refracting 
telescope will; and, consequently, it will mag« 
nify so much the more : for the rays are not co* 
loured by reflection from a concave mirror, if it 
be ground to a true figure, as they are by pass* 
ing through a convex-glassy let it be gromid ever 
so true. 

The adjusting screw on the outside of the 
great tube fits this telescope to all sorts of eyes^ 
by bringing the small mirror either nearer to 
the eye, or removing it farther; by which 
means, the rays are majde to diverge a little, for 
short-sighted eyes, or to converge for those of a 
long sij^t. 

The nearer an object is to the telescope the 
ipore its pencils of rays will diverge befcnre they 
fall upon the great mirror, and therefore they 
will be the longer of meeting i|i poipts after re- 
flecticHi; so that the first unage IK will be 
formed at a greater (Hstance from the Isarger war* 
for, when the object is near the telescope, than 
when it is very remote. But as this image must 
be formed &rther from the small mirror than its 
principal focus n, this mirror must be alwaiys s^ 
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hBcr. at a greater distance from the large one, in view- 
, ^* , ing near objects, than in viewing remote ones. 
^ And this is done by turning the screw on the 
outside of the tube, until the small mirror be so 
adjusted that the object (or rather its image) ap- 
pears perfect. 

In looking through any telescope toward an 
object, we never see the object itself, but only 
that image of it which is formed next the eye in 
the telescope. For, if ^a mJn holds his finger or 
a stick between his bare eye and an object, it 
will hide part, if not the whole, of the object 
from his view. But if he ties a stick across the 
mouth of a telescope, before the object-glass, it 
will hide no part of the imaginary object he saw 
through the telescope before, unless it covers the 
whole mouth of the tube : for, all the eflfect will 
be, to make the object appear dimmer, because 
it intercepts part of the rays. Whereas, if he 
puts only a piece of wire across the inside of the 
tube, between the eye-glass and his eye, ft will 
hide part of the object which he thinks he sees : 
which proves that he sees not the real object, 
but its image. This is also confirmed by means 
of the smair mirror Z, in the reflecting tele- 
scope, which is made of opaque metal, and 
stands directly between the eye and the object 
toward which the telescope is turned, and will 
hide the whole object from the eye at e, if the 
two glasses R and S are taken out of the tube. 
Flats The multiplying glass is made by grinding 

XIX, down the round side hik of a convex glass A B 
The MmiH' into several flat surfaces, 2i& hb^ b Idj dk. An 
fh"*ii^"' object C will not appear magnified, when seen 
through this glass, by the eye at H; but it will 
appear multiplied into as many diflferent objects 
as the glass contains plane surfaces. For, since 
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rays will flow from the object C to all parts of lect. 
the glass,. and each plane surface will refract . ^^°' , 
these rays to the eye, the same object will ap- 
pear to the eye in the direction of die rays which 
enter it through each surface. Thus, a ray 
g i Hf falling perpendicularly on the middle sur- 
irace, will go through the glass to the eye with- 
out suffering any refraction ; and will therefore 
shew the bbject in its true place at C : while a 
ray a b flowing froin the same object, and falling 
obliquely on the plane surface b A, will be re- 
fracted in the direction b e, by passing through 
the glass ; and, upon leaving it, will go on to tne 
eye in the direction eH ; which will cause the 
same object C to appear also at £, in the direc- 
tion of the ray H e, produced in the right line 
Heru And the tk^ cd flowing from the object 
C, and fjEdling obliquely on the same surface d ky 
will be refracted (by passing through the glass 
and leaving it at/) to the eye at H; which will 
cause the same object to appear at D, in the di- 
rection Hfm. — It the glass be turned round the 
line gl Hy as an axis, Sie object C will keep its 
place, because the surface bid is not removed ; 
but all the other objects will seem to go round 
Cy because the oblique planes, on which the 
rays abj cd fall, will go round by the turning 
of the glass. 

The Camera'^bscura is made by a convex- Fig-^ 
glass CDy placed in the hole of a window-shut- ^^^^Jl^* 
ter. Then, if the room be darkened so as no 
light can enter but what comes through the glassj 
the pictures of all the objects (as fields, trees, 
buildings, men, cattle, &c.) on the outside, will 
be shewn in an inverted order,^ on a white paper 

^ If the obsenrer stand behind the paper, which recdfct 
the image, the objects will appear erea. — En. 
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i^acT. placed at G // in the focus of the gla»» and 
^"* will afford a most beautiful and perfect piece of 

■"""^'"'^ perspiirtive or landscs^e of whatever it before 
the glass ; e^Hxially if the sun shines upon the 
objects. 

If- the convex glass CD he placed in a tube 
in the side of a square box, within which is the 
plane mirror £F^ reclining backward in aa 
angle of 45 degrees from the perpendicular k q^ 
the pendls of rays flowing from the outward ob^- 
jects, and passing through the convex glass to 
the plane mirror, will be refleaed upward from 
it, and meet in points, as /and K (at the same 
distance that they would have inet at H and 
G, if the mirror had not been in the wav), and 
will form the aforesaid fmages on an oilea paper 
stretched horiasontAlly in the direction IK; oft 
which paper, the outlines of the images may 
be easily drawn with a black-lead pencil, and 
then copied on a clean sheet, and coloured by 
art, as the objects themselves are by nature. — 
In this machine, it is usual to place a plane glass, 
unpolished, in the horizontal situation / iT, which 
glass receives the images of the outward objects ; 
and their outlines may be traced upon it by a 
bhck-lead pencil. 

li.B. The tube in which the convex glass 
CZ> is fixed must be made to draw out, or push 
in, so as to adjust the distance of that glass from 
the plane mirror, in proportion to the distance 
of the outward objects; which the operator does, 
until be sees then* images distinctly painted on 
ffae horizontal glass at IK.^ 

^ For an acount of some improvementa on the camera 
obacura by the Editor, and the de^ription of a new port- 
able camera obscura invented by the Rev*. Mr. Thomson tiS 
Dudding9ton» see Appendix, vol. ii. — Ed. 
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The fonmng a horizontal image as JiT, of lect. 
an upright object AB^ dqpends upon the angles . ^^ . 
of incidence of the rays upon the plane mirror ' 
EF^ being equal to tneir angles of reflection 
from it. For, if a perpendicuhr be supposed to 
be drawn to the suxtace of the plain mirror at e, 
where the ray AaCe falls upon it^ that ray will 
be reflected upward in an equal angle with the 
other side of the perpendicular, in the line edL 
Again, if a perpendicular be drawn to the mir- 
ror from the pomt/, where the ray A Bf falls 
upon it, that ray will be reflectea in an equal 
angle from the other side of the perpendicular, 
in the line fh L And if a perpendicular be 
drawn from the point g^ where the ray Acg 
falls upon the muror, tha^ ray will be reflected 
in an equal angle from the other side of the 
perpendicular, in the line g i L So that all the 
rays of the pencil abcy flowing from the upper 
eztranity of the object A Bj znd passing through 
the convex glass CA to the plane mirror EF^ 
will be reflected from the mirror and meet at /, 
where they will fonv the extremity / of the 
image JKj similar to the extremity A of the ob- 
ject AB. The like is to be understdbd of the 
pencil qrs^ flowing from the lower extremity 
of the object A 6, and meeting at JT, (after re- 
flection from the plane mirror) the rays from 
the extremity K of the image, similar to the ex- 
tremity B o/the object: ai^'so of all the pen- 
cils that flow from the intermediate pomts of 
the object to the mirror, through the convex 
glass. 

If a convex glass, of a short focal distance, Hie c^trm 
be placed near the plane niirror, in the end of^''^ 
a short tube, and *a convex glass be placed in a 
hole in the side of the tube, so as the image 



2g» Of Opticf. 

LECT. may be formed between the last-mentioned con« 
^'^ vex glass and the plane mirror, the image be* 
ing viewed through this glass will appear mag- 
nified. — ^In this manner the opera^glasses are 
constructed ; with which a gentleman may look 
at any lady at a distance in the company, and 
the lady know nothing of it. 
The com- ^^q imaee of any object that is placed before 
gUit. a pi toe mirror appears as big to the eye as the 
object itself; and is erect, distinct, and seem- 
ingly as far behind the mirror, as the object is 
before it : and that part of the mirror, which 
reflects the image of the object to the eye (the 
eye being supposed equally distant from the glass 
with the object), is just half as long and half as 
^«- 3* broad as the object itself. Let ^ fi be an ob- 
ject placed before the reflecting mirror ghi of 
the plane mirror C D ; and let the eye be at o. 
Let ^A be a ray of light flowing from the top 
A of the object, and railing upon the mirror at 
h : and A 7/2 be a perpendicular to the surface of 
the mirror at A, the ray Ak will be reflected 
from the mirror to the .eye at 0, making an 
angle mho equal to the angle Ahm: then will 
the top 01 the image E appear to the eye in the 
direction of the reflected ray o h produced to £, 
where the right line Ap Ej from the top of the 
object, cuts the right line oh E^ at JS. Let B i 
be a ray of light proceeding from the foot of the 
object at B to the mirror at 1, and n 1 a perpen- 
dicular to the mirror from the point 1, where 
the ray B i falls upon it : this ray will be reflect- 
ed in the line £0, making an angle nio, equal 
to the angle B i n, with that perpendicular, and 
entering the eye at : then will the foot F of 
the image appear in the direction of the reflect- 
ed ray o /, produced to F, where the right line 
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B F cuts the reflected ray produced to F. All ^-^jjT. 
the other rays that flow from the intenaediate 
points of the object A B^ and fall upon the mir- 
ror between h and ij wiU be reflected to the eye 
at : and all the intermediate points of the 
image E F will appear to the eye in the direc- 
tion-line of these reflected rays produced. But 
all the rays that flow from the object, and fall 
upon the mirror above hj will be reflected back 
above the eye at o ; and all the rays that flow 
from the object, and fall upon the mirror be- 
low f , will be reflected back below the eye at 
o : so that none of the rays that fall above A, or 
below t, can be reflected to the eye 2X0; and 
the distance between h and t is equal to half the 
length of the object A B. 

Hence it appears, that if a man see his whole a mtn will 
image in a plane • looking-glass, the part of the|^^V„^ 
glass that reflects his image must be just half as plane look* 
long and half as broad as himself, let him stand j^^;^!"^^^ 
at any distance from it whatever ; aiid (hat his half his 
image must appear just as far behind the glass ^^^ 
as he is before it. Thus, the man A B viewing 
himself in the plane mirror CX), which is just 
half as long as himself, sees his whole image as 
at £ jP, behind the glass, exactly equal to his 
own size. For, a ray AC proceecting from his 
eye at Aj and falling perpendicularly upon the 
surface of the glass at C, is reflected back to his 
eye in the same line CA; and the eye of his 
image will appear at £, in the same line pro- 
duced to £, beyond the glass. And a ray £ A 
flovidng from his foot, and falling obliquely on 
the glass at £>, will be reflected as obliquely gn 
the other side of the perpendicular abD^ in the 
direction DA ; and the foot of his image will 
appear at F^ in the direction pf the reflected ray 

roi. I. T 
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tBCT. A Dj prdduced to F, where it is cut by the right 
f ^^^ / line BGF^ drawn parallel to the right hne 
ACE ; just the same as if the glass were taken 
awavy and a real man stood at T, equal in size 
to the man standing at B : for to his eye at Ay 
the eye of the other man at E Would be seen in 
the direction of the line ACE ; and the foot of 
the man at F would be seen by the eye Aj in 
the direction of the line AD F. 

If the glass be brought nearer the man A B, 
as suppose to c b^ he will see his image as at 
CDG: for the reflected ray CA (being per- 
pendicular to the glass) will shew the eye of the 
image as at C ; and the incident ray B by bdng 
reflected in the line b Ay will shew the foot of 
his image as at G ; the angle of reflection abA 
being always equal to the angle of incidence 
. Bba: and so of all the intermediate rays from 
A to B. Hence, if the man A B advances to* 
ward the glass CZ), his image will approach to- 
ward it ; and if he recedes from the glass, his 
image will also recede from it. 
Different Having already shewn, that the rays of light 
if^iP^*" ^^ refracted when they pass obliquely through 
Ught. diflferent mediums, we come now to prove that 
some rays are more refrangible than others : and 
that, as thev are diflferently refracted, they excite 
in our minas the ideas of diflferent colours. This 
will account for the coloiurs seen about the edges 
of the images of those objects which are viewed 
through some telescopes. 
Fig* 5* Let the sun shine into a dark room through a 

small hole, as at e e, in a virindow-shutter ; and 
place a triangular prism ij C in the beam of rays 
Ay in such a manner that the beam may fall 
obliquely on one of the sides a 6 C of the prism ; 
the rays will suflfer different refractions by pass* 
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ing through the prism, so that instead of going urrr. 
all out of it on die side dc Cj in one durection, ^^"• 
they will go on from it in the different durections j^^c Inm! 
represented by the linesy^ g, hy t, k^ /, m^ n ; and 
falling Upon the opposite side of the room, or on 
white papel* placed as at p ^ to t*e£eive theiii, they 
will paint upon it a series of most beautiful lively 
colours (not to be equalled by art) in this order. The i»imr» 
vi^. those rays which are least refracted by t^e«^^4^- 
prism, and will therefore go on between the lines 
n and m, will be of a very bright intense red at 
n, degenerating from thence gradually into an 
orange colour, as they ar| nearer the line m : 
the next will be of a fine orange colour at m, and 
from thence degenerate into. a yellow colour to- 
ward / ; at / they will be of a fme yellow, which 
will incline toward a green, more and more, as 
they are nearer and nearer k: 2th they will be a 
pure green, but from thence toward t they will 
mcline gradually to a blue : at i they will be a 
perfect blue, inclining to an indigo colour froni 
thence toward h: at A they will be quite the co^ 
lour of indigo, which will gradually change to« 
ward a violet, the nearer they are to g : and at 
^ they will be of a fine violet colour, which will 
mcline gradually to a red as they come nearer to 
y*, where the coloured image ends/ 



* Siqce this work was composed, important discoveries 
have been made concerning the nature and properties of 
the prismatic spectrum. Let fq he the spectrum •. Plate 
XIX9 Fig. 5) formed by the prism Be; its illominatiag 
IK>wer is greatest in the line i, the confines of the green 
and yellow ; and the light decreases from G to/, and ftom 
Ttoq* When Dr. Herschel was wishing to determine 
whether or not the power of the differently coloured rays 
to heat bodies varied with their power to illuminate them, 
be found that their heating power increased from F to R. 

T 2 Tho 
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LEcrr. There is not an equal quantity of rays in each 
^^ of these colours ; for if the oblong imaee p q 
be divided into S60 equal parts, the red space 



The mercury of the thermometer rose higher when its bulb 
was placed in J than when it was placed in ^ ,* still high- 
er in B ; and highest of all at R. Upon placing the bulb 
of the thermometer below R^ about q^ quite out of the 
soectrumy he was surprised to find that the mercury rose 
highest of all; and concluded, that rays proceed from the 
sun which have the power of heatings but not of illuminate 
ing bodies : these rays are called invisible solar rays. 
Since the date of Dr. Herschel's discoveryy Mr. Ritter of 
Jena has founds that the rays of the tpectrUm have dif- 
ferent .t:hemical properties ; and that there are invisible 
rays at/y beyond the violet, which act chemicallyy while 
they have neither the power of heating nor illuminating 
bodies. Muriate of sflver, exposed to the action of the 
red rays, became blackish ; a greater effect was produced 
by the ycHow ; a still greater by the violet ; and the great- 
est of all by the iavisible rays beyond the violet. When 
phosphorus was exposed to the action of the invisible raya 
beyond the red, it emitted white fumes % but the invisible 
rays beyond the violet extinguished them. Mr. Ritter 
has also found, with all the prisms which he used, that the 
solar rays give two coloured spcctrums, which separate in 
proportion to tlieir distance from the prism \ so that, at a 
certain distance, the one is nearly covered by the other. 
At the distance of four inches from the prism this double 
spectrum may be easily distinguished. — Mr. Leslie main- 
tains, in opposition to Dr. Herschd, that heat is not pro* 
pag^ted by radiation, but by means of certain aerial pul- 
sations ; and he ascribes the heat which Dr. Herschel per- 
ceived beyond the red extremity of the spectrum to the 
concentration of the extraneous rays, which come from 
portions of the sky adjacent to the body of the sun. There 
are, indeed, particular positions of the prism, in which 
these extraneous rays are diffused, and in which they have 
their natural divergence ; but, taking the whole compass 
of the prism, there is a predominant disposition to concen- 
trate the extraneous light. See Mr. Leslie's excellent and 
profound work, on the Nature and propagation of Heat, 
Note 45.— Ed. 
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R wUl take up 45 of these parts ; the orange 0, lect. 
27 ; the yellow T, 48 ; the green G, 60 ; the ^"' 
blue J?, 60 ; the indigo /, 40 ; and the Tiolet 
VySOi ^1 which spaces are as nearly propor- 
tioned in the figure as the small space p q would 
admit- of.' 

If all these colours be blended together again^ 
they will make a pure white ; as is proved thus. 
Take away the paper on which the colours p q 
fell, and place a large convex glass D in the 
rays y, g". A, &c. which will refract them so as 
to mske them unite and cross each other at W; 
where, if a white paper be placed to receive 
them, they will excite the idea of a strong live- 
ly white. But if the paper be placed farther from 
tne glass, as at r ^, the different colours will ap- 
pear again upon it, in an inverted order, occasion- 
ed by the rays crossing at ^ 

As white is a composition of all colours, so 
black is a privation of them all, and, therefore, 
properly no colour. 

Lef two concentric circles be drawn on a Fig. 6. 
smooth round board ABCDEFG^ and the 
outermost of them divided into 860 equal parts 
or degrees: then, draw seven right Iines,'as 
ji^ © -B, &c. from the centre to the outermost 
circle ; making the lines Q A and O B include 
80 degrees of that circle ; the lines B and 
© C 40 degrees ; © C and © D 6o : D and 



' The aboTc meaturcf of the coloured spaces in the 
prismatic spectrum do not always hold; nor are these 
spaces constantly proportioncL There is an evident fallacy 
in Newton's experiment upon this subject^ for when the 
mean refractive power pf glass is g^ven^ we cannot thenbe 
infer its power of dispersion. See Appendix on Achro- 
matic telescopes.-— Ep« 

T3 
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LicT. O £: 60; © EandO jF48j ©i^'andO C2*7} 
^ ^^"' © G and ^ © 45, Then between these two 
circles, paint the space j4G red, inclining to 
orange nJear G; GF orange, inclining to yel- 
low near -F^ FM yeUow, inclining to greea near 
E ; ED green, inclining to blue near D; DC 
blue, inclining to indigo near C; C B indigo, 
inclining to violet near B ; and B A violet, in* 
All th« clining to a soft red near A. This, done, paint 
^^^^ ^ ^^ P<^ ^f the board black which lies within 
blended to- the iuuer circle ; and putting an axis through the 
Skri centre of the board, let it be turned very swiftly 
^vhite. round that a^, so that the rays proceeding from 
the above coloiurs may be all bl^ded and mixed 
together in coming to the eye ; and then the 
whole coloured part will appear Ifl^e a white ring, 
a little greyish ; not perfectly white, because no 
colours prepared by art are perfect. 

Any of diese colours, except red and violet, 
may i>e made by mixing together the two conti- 
guous prismatic colours. Thus, yellow is made 
by mixing together a due proportion of t)range 
and green ; and green may be made by a mix- 
ture of yellow and blue/ 

All bodies appear of that colour whose rays 
they reflect iQost ; as a body appears red when 



^ Our author 18 here mistaken) z% pur§ yeUotu cannot be 
composed by mixing together any proportion of green and 
orange. It is on this account that the celebrated Tobias 
Mayer maintains, in opposition to Newton (De affiniiate Co* 
hrum, in his Ofera Inedita^ p. 33 9 published by Litchen- 
berg), that there are only three primary colours, viz. Red, 
yMo'uf^ and violet ; because erery otljer colour may be com- 
posed of a proper proportion of any two of these, while 
they themselves are simple, and incapable of being pro* 
ducTed by composipon.— £q« 
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it reflects most of the red-making rays, and ab- lect. 
sorbs the rest. ; ^ , 

Any two or more colours that are quite trans- Tmnpft- 
parent by themselves, become opaque when putr«^^"" 
together. Thus, if water, or spirits of wine, be opaque, if 
tinged red, and put in a phial, every object seen p^^ to- 
through it will appear red ; 1)ecause it lets only ^ ^' 
the red rays pass through it, and stops all the 
rest. If water or spirits be tinged blue, and put 
in a phial, all objects seen through it will appear 
blue, because it transmits only the blue rays, and 
stops all the rest. But if these two phials are 
held close together, so that both of them may be 
between the eye and object, the object will no 
more be seen through th^ than through a plate 
of metal; for whatever rays are transmitted 
through the fluid in the phial next the object, 
are stopped by that in the j^iial next the eye. In 
this experiment, the phuds ought not to 1>e 
round, but square ; because nothing but the light 
itself can be seen through a round trwsparent 
body, at any distance. 

As the rays of light suffer different degrees of 
refraction by passing obliquely through a prism, 
or through a convex glass, and are thereby se- 
parated into all the seven original or primary 
* colours; so they also svffer different degrees of 
refraction by passing through drops ot falling 
rain ; and then, being reflected toward the eye, 
from the sides of these drops which are farthest 
from the eye, and again refracted by passing out 
of these drops into the air, in wluch refracted 
directions they come to the eye ; they make all 
the colours to appear in the form of a fine arch 
in the heavens, which is called the rain-baw. 

There are always two rain-bows seen together, 
the interior of which is formed by the rays a b. 
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IMcr. which falling upon the upper part b, of the drop 
^^ b cdy 2xe refracted into the line 6 c as they enter 
K^ y^ the drop, and are reflected from the back of it at 
c, in the line t dy and then, by passine out of the 
drop into air, they are again refracted at d; and 
from thence they pass on to the eye at e; so that 
to form the interior 'bow, the ray suffers two re- 
fractions, as at 6 and d; and one reflections as 
at c. 

The exterior bow is fiormed by rays which suf- 
fer two reflections, and two renactions ; which 
is the occasicm of its being less vivid than the in-* 
terior, and also of its colours being inverted with 
respect to those of the interior* For, when a 
ray a A £dls upon the lower part of the drop b c 
de^ k is refracted into tfae direction £ c by enter- 
Fig. 8. ing the drop ; and passim on to the back of the 
drop at c, it is thence reflected in the line cdjin 
whjch direction it is impossiUe for it to enter the 
eye at/: but by being again reflected from the 
point d of the drop, it goes on in the drop to «, 
where it passes out of the drop into the air, and 
is there refracted downward to the eye, in the 
direction efj 



^ Anun4)ow is sometimes ^seen in the evening, when 
the moon is nearly full, formed by the refraction of her 
Ksht through the drops of rain, and is called the Lunar 
ins.— Ed. 
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LECTURE Vni, 



THE DESCRIPTION AND USE OF THE TERRES- 
TRIAL GLOBE. 



If a map of the world be accurately delineated) lect, 
on a spherical ball, the surface thereof will re^ vin. 
present the surface of the earth ; for the highest ir^*^^ 
hills are so inconsiderable with respect to tMtruughbi. 
bulk of the earth, that they take off no more 
from its roundness, than grains of sand do from 
the roundness of ^ common globe ; for the dia- 
meter of the earth is 8,000 miles in round num- 
bers, and no known hill upon it is three miles in 
perpendicular height. 

That the earth is spherical, or round like a Proof of 
globe, appears, 1, From its casting a round {|^^'*"^** 
diadow upon the moon, whatever side be turn- giobukr. 
ed toward her when she is eclipsed : 2, From 
its having been sailed round by several persons : 
3, From our seeing the farther, the higher we 
stand : 4, From our seeing the masts of a ship, 
while the hull is hid by the convexity of the 
water. 

The. attractive power of the earth draws all 
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LRCr. terrestrial bodies toward its centre; as is evi^ 
v!ii. dent from the descent of bodies in lines perpen- 

Andtftatit^^^^^ ^^ ^^^ earth's surface, at the places 
Buybepco- whereon they fall ; even when they are thrown 
«^*with- ^^ ^™°^ the earth on opposite sides, and, con- 
ovt any scqucntly, in opposite directions : so that the 
?^^^j°«^ earth may be compared to a great magnet roll- 
er Jailing ed in filings of steel, which attracts and keeps 
away from them equally fast to its smface on all sides. 
Hence, as all terrestrial bodies are attracted to«> 
ward the earth's centre, they can be in no dan- 
ger of falling from any side of the earth, more 
than from any other. 

The heaven or sky surrounds the whole earth ; 
c> and and, when we speak of up or doum^ we mean 
<fcw,what.Qnly with regard to ourselves; for no point, 
either in the heavens, or on the surface of the 
earth, is above or below ^ but only with respect 
to ourselves. And let us be upon what part * of 
the earth we will, we stand with our feet to- 
ward its centre, and our heads toward the sky : 
and so we say^ it is up toward the sky, and down 
toward the centre of the earth. 
Aiiobjecu To an observer placed anywhere in the in- 
^^^^^ definite space, where there is nothing to limit 
equally his vicw, all remote objects appear equally dis- 
^*°^ tant from him ; and seem to be placed in a vast 
concave sphere, of which his eye is the centre. 
Every astronomer can demonstrate, that the 
moon is much nearer to us than the sun is; 
that some of the planets are sometimes nearer 
to us, and sometimes farther from us, than the 
sun ; that others of them never come so near us 
as the sun always is ; that the remotest planet 
in our system, is, beyond comparison, nearer to 
us than any of the fixed stars are ; and that it is 
highly probable some stars are, in a manner, in- 
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finitely more distant from us than others ; and lect. 
yet all these celestial objects appear equally dis- ^"V, ' 
tant rrom us. Therefore, if we imagine a larreThTfawrf 
hollow sphere of glass to have as many brignt the hca^pcm 
studs fixed to its inside, as there are stars visible J^i^lJ^di 
in the heavens, and these studs to be of different \n a mm. 
magnitudes, and placed at the same angular ^^^'^^ 
distances from each other as the stars are, the 
sphere will be a true representation of the starry 
heavens, to an eye supposed to be in its centre^ 
and view ing it all around. And if a small globe, 
with a map of the earth upon it, be placed on an 
axis in the centre of this starry sphere, and the 
sphere be made to turn round on this axis, it 
will represent the apparent motion of the hea- 
vens round the earth. 

If a great jeircle be so drawn upon this sphere, 
as to divide it into two equal parts, or hemi- 
spheres, and the plane of the circle be perpen- 
dicular to the axis of the sphere, this cirele will 
represent the equinoctial^ which divides the hea^ Theater* 
vens into two equal parts, called the northern zsid,*^ 
the southern hemisperes ; and every point of that 
circle will be equally distant from the poles^ or The ^o, 
ends of the axis in the sphere. That pole which 
is in the middle of the northern hemisphere will 
be called the north pole of the sphere^ and that 
which is in the middle of the southern hemi- 
sphere, the sqfUh pole* 

If another great circle be drawn upon the 
sphere, in such a manner as to cut the equinoc- 
tial at an angle of 23~ degrees in two opposite 
points, it will represent the ecliptic^ or circle of The tctiftk 
the sun's apparent annual motion ; one half of 
which is on the north side of the equinoctial, 
and the other half on the south. 

If a large stud be made to move eastward \x\ 



/ 
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UKT. this ecliptic, in such a manner as to go quite 
^^ round it, in the time that the sphere is turned 
round westward 366 times upon its axis; this 
Tfce tm. stud will represent the amw, changing his place 
every day a 365'^ part of the ecliptic ; and, go- 
ing round westward, the same way as the stars 
do ; but with a motion so much slower than 
the motion of the stars, that they will make 366 
revolutions about the axis of the sphere, in the 
time that the sun makes only 365. During one 
half of these revolutions, the sun will be on the 
north side of the equinoctial ; during the other 
half, on the south ; and, at the end of each half, 
in the equinoctial. 
Tke mhL If we suppose the terrestrial globe in this ma- 
chine to be about one inch in diameter, and the 
diameter of the starry sphere to be .about five 
or six feet, a small insect on the globe would 
see only a very little portion of its surfece ; but 
it would see one halt of the starry sphere ; the 
convexity of the globe hiding the other half 
Thcappa- from its vicw. If the sphere be turned west- 
t^* of die ward round the globe, and the insect could 
hmmttB. judge of the appearances which arise from that 
motion, it would see some stars rising to its view 
in the eastern side of the sphere, while others 
were setting on the western ; but as all the stars 
are fixed to the sphere, the same stars would 
always rise in the same points of view on the 
east side, and set in the same points of view on 
the west side. With the sun it would be other- 
wise, because the sun is not fixed to any point 
of the sphere, but moves slowly along an ob- 
lique circle in it. And if the insect should look 
toward the south, and call that point of the 
globe, where the equinoctial in the sphere seems 
to cut it on the left side, the east point -, and 



Ofttie Heavens and tlw Earth. SOI 

where it cuts the globe on the right side, the ^^7* 
ioest pointy the little animal would see the sun 
rise north of the east, and set north of the west, 
for 1 82y revolutions ; after which, for as many 
more, the sun would rise south of the east, and 
set south of the west. And in the whole 365 
revolutions, the sun would rise only twice in the 
east point, and set twice in the west. AH these 
appearances would be the same, if the starry 
sphere stood still (the sun only moving in the 
ecliptic) and the earthly globe were turned 
round the axis of the sphere eastward. For, as 
the insect would be carried round with the 
globe, he would be quite insensible of its mo- 
tion ; and the sun and stars would appear to 
move westward. 

IVe are but very small beings when compared 
with our earthly globe, and the globe itself is but 
a dimaisionless point compared with the mag- 
nitude of the starry heavens. Whether the 
earth be at rest, and the heavens turn round it, 
or the heavens be at rest, and the earth turns 
round, the appearance to us will be exactly the 
same. And because the heavens are so immense^ 
ly large, in comparison of the earth, we see one 
half of the heaven as well from the earth's sur- 
face, as we could do from its centre, if the 
limits of our view are not intercepted by hills. 

We may imagine as many circles described ^''^^Jj^ 
upon the eanh as we please : and we may ima- 
gine the plane of apy circle described upon the 
earth to be continued, until it marks a circle in 
the concave sphere of the heavens. 

The horizon is either sensible or rational. The '^^ **'^'" 
sensible horizon is that circle, which a man stand- 
ing upon a large plane, observes to terminate 
his view all around, where the heavens and earth 
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htcv. seem to meet The plane of our senable hori- 
^^ zon continued to the heavens, divides it into two 
hemispheres ; one visible to us, the other hid 
by the convexity of the earth. 

The plane of the rational horizon^ is supposed 
parallel to the plane of the sensible; to pass 
through the centre of the earth, and to be con- 
tinued to the heavens. And although the plane 
of the sensible horizon touches the earth in the 
place of the observer, yet this plane, and that 
- of the rational horizon, will seem to coincide 
in the heavens, because the whole earth is but a 
point compared to the sphere of the heavens. 

The earth being a spherical body, the hori- 
zon, or limit of our view, must change as we 
change our place. 

A/«. The poles of the earthy are those tw6 points on 

its sur^ce in which its axis tenmnates. The 
one is called the north pole^ and the other the 
south pole. 

The pQles of the heavens^ are those two points 
in which the earth's axis produced terminates in 
the heavens : so that the north pole of the heavens 
is directly over the north pole of the earth ; and 
the south pole of the heavens is directly over the 
south pole of the earth. 

^<iior. The equator is a great circle upon the earth, 
every part of which is equally distant from dther 
of the poles. It divides the earth into two equal 
parts, called the northern and southern hemi- 
spheres. If we suppose the plane of this circle 
' to be extended to the heavens, it will mark the 
equinoctial therein, and will divide the heavens 
into two equal parts, called the northern and 
southern hemispheres of the heavens. 

MirUii^. The meridian of any place is a great circle 
passing through that place and the poles of the 
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earth. We may imagine as many such meridians lect. 
as we please, because any place that is ever so vcn 
little to the east or west of any other place, has 
a different maidian from that place ; for no one 
circle can pass through any two such places and 
the poles of the earth. 

The meridian of any place is divided by the 
poles, into two semicircles: that which pai^es 
through the place is called the geographical or 
upper meridian ; and that which passes through 
the opposite place is called the lower meridian. 

When the rotation of the earth brings the-V-^w^d 
plane of the geographical meridian to the sun, "'*^^ 
it is fMon, or mid-day y to that place ; and, when 
our lower meridian comes to the sun, it is mid^ 
night. 

All places lying under the same geographical 
meridian have their noon at the same time, and, 
consequently, all the other hours. All those 
places are said to have the same longititde^ be- 
cause no one of them lies either eastward or 
westward from any of the rest. 

If we imagine 24 semicircles, one of which is HmrdrfUu 
the geographical meridian of a given place, to 
meet at the poles, and to divide the equator in- 
to 24 equal parts, each of these meridians will 
come round to the sun in 24 hours, by thb 
earth's equable motion round its axis in thafr !; 

time. And, as die equator contains 360 de- 
grees, there will be 15 degrees contained between 
any two of these meridians which are nearest to 
one another ; for 24 times 1 5 is 360. And, as 
the earth's motion is eastward, the sun's apparent 
motion will be westward, at the rate of 15 de- 
grees each hour. Therefore, 

They whose geographical meridian is 1 5 de- Lm^titdt. 
grees eastward from us, have noon, and every 
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jLECT. other hour, an hour sooner than we have. They 

vin. whose meridian is fifteen degrees westward firon^ 

us, have noon, and every other hour, an hour 

later than we have : and so on in proportion, 

reckoning one hour for every fifteen degrees. 

As the earth turns round its axis once in 24 
hours, and shews itself all around to the sun in 
that time, so it goes round the sun once a year, 
in a great circle called the ecliptic^ which crosses 
the equinoctial in two opposite points, making an 
angle of 23^ degrees with the equinoctial on 
each side. So that one half of the ecliptic is in 
the northern hemisphere, and the other in the 
southern. It contains 860 equal parts, called 
degrees, (as all other circles do, whether great 
or small), and, as the earth goes once round it 
every year, the sun will appear to do the same, 
changing his place almost a d^ree, at a mean, 
rate, every 24 hours. Sb that, whatever plac?, 
or degree of the ecliptic, the earth is in at any 
time, the sun will then appear in the opposite. 
And as one half of the ecliptic is on the north 
side of the equinoctial, and the other half on the 
south, the Sim, as seen from the earth, will be 
half a year on the south side of the equinoctial, 
|tnd half a year on the north ; and twice a year 
ia the equinoctial itself. 
sigmiuiA The ecliptic is divided by astronomers into 
d^teu 22 equal parts, called signs^ each sine into 30 
degrees^ and each degree into 60 minutes : but 
in using the globes, we seldom want the sun's 
place nearer than half a degree of the truth. 

The names and characters of the 1 2 signs are 
as follow : beginning at that point of the eclip- 
tic where it crosses the equinoctial to the north- 
ward, and reckoning eastward round to the same 
point again. And the days of the months on 
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which the sun now enters the signs, are set down lect. 
below them. viil 

Jirics^ Taurus 9 Gemini^ Cancer^ 
V V n 05 

March SO April 19 May SO June 21 

LeOj f^rgOy Libra, Scorpio, 

Si m £^ tti 

July 22 August 29 September 22 October 22 
Sagittarius^ Capricornusy Aquarius, Pisces, 
November 21 December 21 January 19 February 18 

By remembering on what day the sun enters 
any particular sign, we may easily find his place 
any day afterward, while he is in that sign, by 
reckoning a degree for each day; which will 
occasion no error of consequence in using the 
globes. 

When the sun is at the beginning of Aries, 
he is in the equinoctial ; and from that time he 
declines northward every day, until" he comes 
to the beginning of Cancer, which is 234- * 
from the equinoctial ;- from thence he re- 
cedes southward every dav, for half a year ; in 
the middle of which half, he crosses the equi- 
noctial at the beginning of Libra, and at the 
end of that half year he is at his greatest south 
declination, in the beginning of Capricorn, which 
is also 234*^ from the equinocdal. Then he 
returns northward from Capricorn every day, 
for half a year ; in the middle of which half, he 
crosses the equinoctial at the beginning of Arief^, 
and, at the end of it, he arrives at Cancer. 

The sun's motion in the ecliptic is Hot per- 
fectly equable, for he continues eight day« 

va.i. U 
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^^CT. lonra* in the northern half of the ecliptic than 
in the southern : so diat the summer half year^ 
in the northern hemisphere, is eight days longer 
than the winter half year ; and the contrary in 
the southern hemisphere. 

Trt^. The tropics are lesser circles in die heavens^ 
parallel to the equinoctial ; one on each side of 
it^ touching the ecKptic in the points of its 
greatest declination ; so . that each tropic is 
23r^ from the equinoctial, one on the north 
side of it, and the other on the south. The 
northern tropic touches the ecliptic at the be- 
ginning of Cancer, the southern at the beginning 
of Capricorn ; for which reason the former is 
called the tropic of Cancer, and the latter the 
tropic of Capricorn. 

pdararfiet. The poloT . ctrcles in the heavens are each 
23^^ from the poles, all around. That which 
goes round the north pole is called • the arctic 
circle^ from a/>x7oc, which signifies a bear; there 
being a collection or group of stars near the 
north pole, which goes by that name. The south 
polar circle is called the antarctic circle^ from its 
beiqt opposite to the arctic. 

Tne ecHptic, tropics, and polar circles, are 
drawn upon the terrestrial globe, as well as upon 
the celestial. But the ecliptic, being a great fix- 
ed circle in the heavens, cannot properly be said 
to belong to the terrestrial globe ; and is laid 
down upon it only for the conveniency of solv- 
ing some problems. So that, if this circle on 
the terrestrial globe were properly divided into the 
months and days of the year, it would not only 
suit the globe better, but would also make the 
problems thereon much easier. 

In-order to form a true idea of the earth*s 
motion round its axis every 24 hours, which is 
the cause of day and night } and df its motion 
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in the ecltptk roimd the sun every yeatr, which utar. 
is the caase of the different lengths of days and ^^^ 
night?, and of the vicissltade of seasgnsi — ^take ' 
the following method^ which will be both easy 
and pleassttt. 

Let a small tetrestriid globe^ of about three An idei of 
inches dimtieter, be suBp»ended by a long thread^ 
of twisted silk, fixed to its norm pole : then 
having placed a lighted candle on a table, to re- 

J>resent the sun, in the centre of a hoop of a 
arge cask, which may represent the ecliptic, 
the hoop msdking an angle of 25{-^ with the 

Elane of the tablei han^ the gld)e within the 
oop near to it ; and if the table be level, the 
equator of the globe will be parallel to the table^ 
and the plane of the hoop will cut the ecj^ua^ 
tor at an angle of 23^" : so that one haU of 
the equator ^I be above the hoop, and the 
other half* below it) and the candle will en-i 
fighten one half of the globe, as the sun en- 
Kghtetis one half of the eanb, while the other 
half is in the dark. 

Things being thus prepsured, twist the diread 
toward the 1^ hand^ thai k may turn the 
globe the Same way by untwisting; that is^ 
from west, by south, to east. As the globe tuma 
round its aids or thread, the different places of 
its surface will go regularly through the light 
and dark; and have, as k were, an akemate 
return of day and night m each rotaticm. As 
the globe continues to turn round, and to shew 
itself all arotmd to the candle, carry it slowly 
round the hoop by the thread, from west, by 
south, to east ; which is the way that the carta 
moves round the sun, once a year, in the 
ecliptic ; and you will see, that while the globe 
continues in the lower part of the hoop, the 
candle (bemg then noffb of die equator) will 

U2 
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LicT. constantly shine round the north pole ; and all 
^^' the northern places which go through, any part 
of the dark, will go through a less portion of it 
than they do of the light, and the more so, 
the farther they are from the equator ; conse- 
quentlyi their days are then longer than their 
nights. When the globe comes to a point in the 
hoop, mid-way between the highest and lowest 
points, the candle will be directly over the 
equator, and will enlighten the globe just from 
pole to pole ; a.nd then every place on the globe 
will go through equal portions of light and 
darkness, as it runs round its axis ; and, conse-^ 
quently, the day and night will be of equal 
length at all places upon it. As the globe 
advances thenceforward, toward the highest part 
of the hoop, the candle will be on the south 
side of the equator, shining farther and farther 
round the south pole, as the globe rises higher 
and higher in the hoop ; leaving the north pole 
as much in darkness, as the south pole is then 
in tfie light) and making long days and short 
nights on the south side of the equator, and the 
contrary on the north side, while the globe con*- 
tinues in the northern or higher side of the hoop: 
and when it comes to the highest point, the days 
will be at the longest, and the nights at the 
shortest, in the southern hemisphere ; and the 
reverse in the northern. As the globe advances 
and descends in the hoop, the light will gradual* 
ly recede from the south pole, and approach 
toward the north pole, which will cause the 
northern days to lengthen, and the southern 
days to shorten, in the same proportion. When 
the globe comes to the middle point, between 
the highest and lowest points of the hoop, the 
candle will be over the equator, enlightening the 
globe just from pole to pole^ when every place ef 
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the earth (except the pol<fs) will go through i-ec|v 
equal portions or light and darkness ; and, con- ^"^ 
sequently,' the day and night will be then equal 
all over the globe. 

And thus, at a very small expence, one may 
have a delightful and demonstrative view of the 
cause of days and nights, with their gradual in- 
crease and decrease in length, through the whole 
year together, with the vicissitudes of spring, 
sununer, autumn, and winter, in each ailnual 
course of the earth round the sun/ 

If the hoop be divided into 12 equal parts, 
and the signs be marked in order upon it, be- 
ginning with Cancer at the highest point of the 
hoop, and reckoning eastward (or contrary to 
the apparent motion of the sun), yon will see 
how the sun appears to change his place every 
day in the ecliptic^ as the globe ^vances east- 
ward along the hoop, and tiums round its own 
axis : and that when the earth is in a low sign, 
as at p^ricom, the sun must appear in a high 
sign, as at Cancer, opposite to the earth's real 
place ; and that whil^ the earth is in the south- 
em half of the ecliptic, the sun appears in the 
nbrthem half, and vice versa : that the. fiarther 
any place is from the equator, between it and 
the polar circle, the greater is the difference be^ 
tween^e longest and shortest day at that place; 
and that the poles have but one day and one 
night in the whole year* 

These things premised, we shall proceed to 

the description and use of the terrestrial globe, 
♦ ♦ 

' This method of exhibiting the change of seasons ia 
represented in Phte IV, Fig. 3, of Fergu; Oii's Astronomy 
^spkined. upon Sir Isaac Newton's principles, and made 
.^^sy to thoge who have not studied mathematics.— £di 

U3 
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LBCT. ind explain the geographical terms a9 they eccur 
, ^^'' in the problems. 

i|^^ This globe has the boimdaries of l^d «h1 
mtriaighitwztex laid down upon it; the countries and 
^^'^^'^^^^ kingdoms divided by dots, and coloi^ed, to dis- 
tinguish them ; the islands properly ^uated, the 
rivers and principal towns inserted, ^s they have 
been ascertained upoii the earth by measure- 
ment and observation. 

The equator, ecliptic, tropics, polar circles, 
and meridians, are laid down upon die globe in 
the manner already described. The ecliptic is 
divided into twelve dgns, and each sign into 
80^, which are generally subdivided into halves, 
and into quarters, if the globe is large. Each 
tropic is 2ft|> ^ fisom the equatinr, and each polar 
circle 254-° from its respective pole. Circles are 
drawn parallel to the equator, at every I OP dis- 
tance from it on each side to the pc^es : these cir- 
cles are called paralUb of latitude. On large 
globes there are circles drawn perpendiculany 
dirough every tenth degree of the equator, inter* 
secting each other at the poles : but on globes of 
or unaer a foot diameter, they are only drawn 
through every fifteenth degree of the equator ; 
these circles are generally cdled meridians^ some- 
times circles of longitude^ and at other times hour-' 
circles. 

The globe is hung in a brass ring, called the 
brasen meridian ; and turns upon a wire in each 
pole sunk half its thickness into one side of the 
meridian ring : by which -means, ikci side of 
the ring divides the globe faito two equal parts, 
called the eastern and western hemispheres ; as 
the equator divides it into two equal parts, caUe4 
the northern and soutksm hemispheres. This ring 
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it dhridfld iniD 8dO equal parts or degiBea, on 
the side wherein the axis of the glroe tunu.^^^^ 
One half of these degrees are numbered, and^ ' 
reckofied, from the equator to the poles, where 
they end at 90 : their use is to shew the latitudes 
of places The degrees oil the other half dF the 
meridian ring are numbered fiwn the poles to 
the equator, where they end at 90 : their uso is 
to shew how to elevate either the north or south 
pole above the horizon, according to the latitude 
of any given place, as it is north or south of the 
equator. » 

The brasen meridiaii is let into two notches 
made in a broad flat ring, called the wooden 
horizon^ the upper surface of which divides the 
globe mto two equal parts, called die tipper and 
iower hemispheres. One notch is in the nordi 
point of the horixon, and the odier in the south. 
On this horizon are several concentric circles 
which contain the months and days of the year, 
the signs and degrees answering to the sun's place 
for each month and day, and the 32 points cf the 
compass. The graduated side of the brass me- 
ridian lies towanl the east side of the horizon, 
and should be generally kept toward the person 
who works problems by the globes. 

There is a small horary circle, so fixed to the 
north part of the brasen meridian, that the wire 
in the north pole of the globe is in the centre 
of that circle; and on the wire is an mdexj 
which goes over ail the S4 hours of the circle, 
as the globe is turned round its axis. Some- 
times there are two horary circles, one between 
each pole of the globe and the bjrasen meridian ; 
which is the contrivance of the late ii^enious 
Mr. Joseph Harris, master of the Assay-office in 
the Tower of London ; and makes it very con- 
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▼enient for putting the poles of the globe 
through the horizon, and for elevating the pole 
to small latitudes, and declinations of the sun ; 
vfthkh cannot be done where there is only one 
horary circle fixed to the outer edge of the 
brasen meridian. 

There is a thin slip of brass, called the Quad^ 
rant of Altitude ^ which is divided into 90 equal 
parts or degrees, answering exactly to so many 
degrees of the equator. It is occasionally fixed 
to the uppermost poiiit of the brasen meridian 
by a nut and screw. The divisions end at the 
nuts and the quadrant is turned round upon it. 

As the globe has been seen by most people, 
and upon the figure of which, in a plate, neither 
the circles nor countries can be properly express- 
ed, we judge it would signify very little to refer 
to a figm'e of it ; and shall therefore only give 
some du-ections how to choose a globe, and then 
describe its use. 
Directions 1. See that the papers be well and neatly 
for dioof- pasted on the globes, which you may know, if 
globet. the lines and circles thereon meet exactly, and 
continue all the way even and whole ; the cir- 
cles not breaking into several arches, nor the 
papers either coming short, or lapping over one 
another. 

2. See that the colours be transparent, and 
not laid too thick upon the globe to hide the 
names of places. 

3. See that the globe hang evenly between 
the brasen meridian and the wooden horizon ; 
not inclining either to one side or to the other. 

4. See that the globe be as close to the hori* 
zon ahd meridian as it conveniently may ; other* 
wise you will be too much puzzled to fin^ 
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against what part of the globe any degree of the 
meridian or lu>mon is. 

5. See that the equinoctial line be even with 
the horizon all around^ as the north or south 
pole is elevated 90^ above the horizon. 

6. See that the equinoctial lino cuts the hori* 
zon in the east and west points, in all elevations 
of the pole from O to 90''. 

?• See that the degree of the brasen meridian 
marked with O, be exacdy over the equinoctial 
line of the globe. 

S. See that there be exactly half of the brasen 
meridian above the horizon ; which you may 
know, if you bring any of the decimal divisions 
on the meridan to the north point of the hori* 
zon, and find their complement to 90 in the 
south point. 

9. See that when the quadrant of altitude is 
placed as far from the equator, or the brasen 
meridian, as the pole is elevated above the hori- 
zon, the beginning of the degrees of the quad?, 
rant reaches just to the plane surface of the ho* 
rizon. 

10. See that while the index of the hourr 
circle (by the motion of the globe) passes from 
one hour to another, 15 degrees of the equator 
pas$ under the graduated edge of the brasen 
meridian. 

tl. See that the wooden horiaon be made 
substantial and strong: it being generally ob- 
served, that in most globes, the horizon is the 
iirst part that fails, on account of its having been 
made too slight. 

In using the globes, keep the east ^de of the Dircctioii^ 
horizon toward yoii (unless your problem rie- (j^*"* 
quires the turning of it) which side you may 
know by the word east upon the horizon i for 
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UCT. to the degree of the given latitude, toward the 
^^^ north or south pole^ according as the latitude is 
north and south ; and under that degree of lati- 
tude on the meridian, you will have the place 
required. • 



PROBLEM III. 

To find the djfference of longitude^ or difference 
of latitude J between any two given places. 

Bring each of these places to the brasen me« 
ridian, and see what its latitude is: the lesser 
latitude subtracted from the greater, if both 
places are cm the same side of the equator, or 
both latitudes added together, if they are on 
different sides of it, is the difference of latitude 
required. And the number of degrees contain- 
ed between these places, reckoned on the equa- 
tor, when they are brought separately under the 
brasen meridian, is their difference ox longitude; 
if it be less than 1 80 : but if more, let it be sub- 
tracted from 360, and the remainder is the dif- 
ference of longitude required. Or, 

Having brought one of the places to the 
brasen meridian, and set the hour index to XII, 
turn the globe until the other place comes to the 
brasen meridian, and the number of hours and 
parts of an hour, past over by the index, wiH 
give the longitude in time ; which may be easi- 
ly reduced to degrees, by allowing 15^ for 
every hour, and one degree for every four mi- 
nutes. 

N. B. When we speak of bringing any place 
to the brasen meridian, it is the graduated sidq 
of the meridian that i$ meant. 
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PROBLEM IV. 

\^ny pictce being giverij to find, all those places UCT. 
that have the sarne longitude or latitude with it. ^ ^^ 

Bring the given place to the brasen meridian^ 
then all those places which lie under that side 
of the meridian, from pole to pole, have the 
same longitude with the given place. Turn the 
globe round its axis, and all those places which 
pass under the same degree of the meridian that 
the given place does, have the same latitude with 
that place. 

Since all latitudes are reckoned from the 
equator, and all longitudes are reckcmed from 
the first meridian, it is evident, that the point 
of the equator which is cut by the first meridian, 
has neither latitude nor longitude. — ^The great- 
est latitude is 90^, because no place is more 
than 90^ from the equator. And the greatest 
longitude is 1 80^ because no place is more than 
180^ from the first meridian, 

PROBLEM V. 

To find the antocci^ pericscij^ and antipodes^^ 

of any given place. 
Bring the given place to the brasen meridian, 
and having found its latitude, keep the globe in 



' The anUui are those people who live on the same me- 
iidiaii«9 and in equal latitudes^ on different sides of the 
equator. Being on the same meridian^ they have the same 
hours } that is, when it is noon to the one, it is also noon 
to the other ; and when' it is midnight to the one» it is also 
midnight to the other. Sec. Being on different sides of 
the equator, thev have different or opposite seasons at the 
tame time ; the leneth of any day to the one is equal to 
the length of the mght of that day to the other ; and they 
bare equal cktitioos of the different poles. 

*The 
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I'ECT. that situation, and Count the same number of 
^"' d^rees of latkude from the equator toward the 
contrary pole, and where the reckoning ends, 
you have the antceci of the given place upon the 
globe^ Those who live at the equator have no 
antcecL 

The globe remaining in the same position^ set 
the hour^ndex to the upper XII, on the hca-ary 
circle, and turn the glob^ until the index comes 
to the lower XII^ then, the place which lies 
tinder the meridian, in the same ladtude with 
the given place, is the perioeci required. Those 
who live at the poles have no ptriasd* 

Ab the globe now stands Twidi the index at 
the lower Ml) tike dMipode$ ot she gheft place 
wiU be und^ the same point of the bnsen me- 
ridian where its anU6ti stood before. Every 
^ace upon the globe has its antipodes. 



^ The perigci are those piojpk Who lr0e sn tlM $%mc par* 
allel of latitude, but on opposite meridians: so that though 
their latitude be the sacnef their longitude differs 180 de- 
grees. By being in the same latitudey they have equal 
dentioOT of the same pole (for the elevatioit of the pok 
It always equal to tk« Utitude of the place)> the same 
length of days or aightay and the same aeasoafi* &ut be- 
ing OD opposite meridians when it is noon to the onei k is 
midnight to the other. 

* The aniip o dgj are those who live dkunetricftHy opposite 
to one another upon the globe, standing wkh feet toward 
firet} on opposite niieridians and paraUels. Being on op- 
posite sides of the equator, they have opposite seasons, 
winter to one, when it is summer to the other; being 
eq^ually distant from the equator, they have their contrary 
poles equally elevated above the horizon ; being on oppo- 
site meridians^ when it is noon to the one, It must be mid- 
night to the other ; and as the sun recedes from the one 
when he approaches to the other, the length of the day to 
one must be equal to the length of the night at the same 
time to the other. 
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PROBLKM VL 

To find the distance between any two places on the JLSCT. 

globe. ^"'- 

* 

Lay the graduated edge of the quadrant of 
ildtude over both the places^ and count the 
numb^ o£ degrees intercepted between them on 
the quadrant; then multiply these degrees by 
60, and the product will give the distance in geo- 
graphical miles : but to find the distance in £ng- 
ufih miltt, multiply the degrees by 69f , and the 
product will be tne number of miles required. 
Or, take the distance between any two places 
wkh a pair of compasses, and apply that e^^tent 
w the equator y the nnmbcr ot d^ees, inter- 
cepted between the points of the compasses, is 
the distance in degrees of a great circle i^ which 
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^ Any eircfe that dindes the globe into t$t9 equal purts, 
ktMeiu^fM 4irckt u the tqiaatot or mmriditB. Any 
cnck diat dmdeathe g^bt tnte two uncqaal parts (whieh 
every patfalUl ol laliiude doet ) it caUed a lisier circle. Now, 
as every circle, whether great or small, contains 360^ 
and a degree upon the equator or meridian contains 
Oo geogfaphieal miles, it is etident^ tfam a d^pee of Ion* 
gkttdt wpia the eqaMor , is longer than a degree of longi- 
tude upon any parallel of latitude, and must therefore con- 
tain a greater number of miles. So that, although all the 
degrees of latitude are equally long upon an artificial globe 
(though not precisely so upon the earth itself), yet the de« 
grees of lopgitude decrease in length, as the latitude in- 
creases, but not in the same proportion. The table in 
page 321 shews the length of a degi^e of longitude, in geo- 
graphical miles, and hundredth parts of a mile, for every 
degree of latitude, from the equator to the polest a degree 
on the equator being 60 geog^raphical miles. 

A. B. As the table given by our author supposed the 
earth to be a perfect sphere, we have computed it anew 
for an oblate spheroidal figure, or an ellipsoid, the com- 
pression at its poles, or the difference between the equatoreal 
and polar axes being y^. See pp. 55, 56, of this volume. 
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LECT. may be reduced either to geographical n 
^"l* to £nglisK miles, as above. 



PROBLEM VII. 

^ place on the globe being given j and its distance 
from any otnerplacey tojind all the other places 
upon the globe which are at the same distance 
from the given place. 

Bring the given place to the brasen meridian, 
and screw the quadrant of altitude to the meri- 
dian, directly over that place ; then, keeping the 
globe in that position, turn the quadrant quite 
round upon it, and the degree of the quadrant 
that touches the second place, will pass Over all 
the Other places which are equally distant with 
it from the given place. 

lliis is the same as if one foot of a pair of 
compasses was set in the given place, and the 
other foot extended to the second 'place, whose 
distance is known ; for if the compasses be then 
turned roimd the first place as a centre, the 
moving foot will eo over all those places which 
acre at the same distance with the second from it. 



V 
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A TABLE shewing the Number of Miles in a Degree ofLon* 
git tide, in any given Degree o/Latitudef the Earth being 
supposed an oblate Spkroid, and the Jlattening at its 

Poles yj^. 
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PROBLEM VIII. 

The hour of the day at any place being given^ ta 
find all those places where it is noon at that 
time* 

i-ECT. Bring the given place to the brasen meridian, 
^^^ , and set the index to the given hour ; this done, 
turn the globe until the index points to the 
upper Xn, and then,, all the places that lie un- 
der the brazen meridian have noon at that time. 
iV. B. The upper XU always stands for noon; 
and when the brmging of any place to the bras- 
en meridian is mentioned, the side of that me- 
ridian on which the degrees are reckoned from 
the equator is meant, unless the contrary side be 
mentioned. 



PROBLEM IX. 



The hour of the day at any place being given^ t$ 
find what time it then is- at any other place. ' 

• 

Bring the given place to the brasen meridian, 
and set the index to the given hour ; then turn 
the globe, imtil any place where the time is re- 
quired comes to the brasen meridian, and the in« 
dex will point out the time at that place. 
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PROBLEM X. 

Tojini tlie sun's place in the ecliptic^ and bis de- 
clinationj for any given day of the year. 

Look on the horizon for the given day, and^ lect. 
right against it you have the degree of the sign' viil 
in which the sun is (or his place) on that day ' 
at noon. Find the same degree of that sign in 
the ecliptic line upon the globe, and having 
brought it to the brasen meridian, observe what 
degree of the meridian stands over it ; for that 
is the siin's declination, reckoned from the 
equator* 



PRObLEM XI. 

"The day of the month being gtven^ to find all those 
places oftlie earth aver which the sun will pass 
vertically on that day. 

Find the sun's, place in the eclipdc for the 
given day, and having brought it to the brasen 
meridian, observe what point of the meridian is 
over it ; then, turning the globe i^und its axis, 
all those places which pass under that point of 
the meridian are the places required; for as 
their latitude is equal, in degrees and parts of a 
degree, to the sun's declination, the sun must be 
vertical (or directly over head) to each of them 
at its respective noon. 



'. ■ * The sun's declination is his distance from the equinoc- 
tial in degreesy &c; and is north or south, according aathe 
iun is betwers thi^ equinoctial and the north or south pole. 

X2 
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PROBLEM Xlf . 

A place being given in ihe torrid zont^ to Jind 
those two days of the year, on which the sun 
' shall be vertical to that place. 

LEcr. Bring the given place to. the brasen meridian, 
^'^' and Haail: the degree -of latitude that is exactly 
over it on the mexidian; dien turn the globe 
round its vaasj and obsenre the two degrees of 
the ediptic which pass exactly under that de« 
gree of latitude: lastly, find on the wooden ho- 
rizon the two days ot die year aa which the sun 
is in those .d^rees <5f the ecliptic, and they are 
the days required : for on them, and none else, 
the sun's declination is equal to the latitude of 
Jh.givjnpU<«; ^c^^^j.t.^^ 
be vertipai to it at noon. 



* The globe is divided into five zones ; one torrid, two 
temperate^ and two frigid. The torrid zone lies between 
the two tropics, and is 47^ in breadth, or 23i on each side 
of the equator: the tet^peraU somy lie between the tropici 
and poUr circles, or from 234^ of latitude, to 66it on eadi 
side of the equator ; and are each 43^^ b breadth : the^^ 
pj zones 9rc the spaces included within the polar circles, 
which being each 23 i^ from their respective poles, the dia* 
meter of each of these zones is 47^* As the sun never 
goes without the tropics^ he must every momcDt be verti* 
cal t# some pla<9 or other in the torrid zone. 



V 
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PROBL£M XIII. 



To find aU those places of the north frigid zone, 
where the sim begins to shine constantly with-- 
out settings on any given dm, from the 20'^ of 
March to the 22^ of September. 

On these two days, the sxm is in the equinoc- j^bct. 
tial, and enlightens the globe exactly from pole vni- * 
to pole : therefore, as the earth turns round its 
axis, which terminates in the poles, every place 
upon it will go equaHy through the Ught and the 
dark, and so make the day and nignt equal to 
all places of the earth. But as the sun declines 
from the equator, toward either pole, he will shine 
just as many degrees round that pole, as are equal 
to his declination from the 0^uator ; so that no 
place within the distance of the pole wSH then go 
through any part of the dark, and, consequent^, 
the sun will not set to it. Now, as the sun's de- 
clination is northward, fix>m the 20"* of March 
to the 22^ of September, he must constantly shine 
round the north pole all that time ; and on the 
day that he is in the northern tropic, he shines 
upon the whole north frigid zone ; so that no 
place within the north polar circle ffoes through 
any part of the dark on that day. fherefore. 

Having" brought the sun's place for the given 
day to the brasen meridian, and found his de- 
clination (by Prob. X), coimt as many d^ees on 
the meridian, from the north pole, as are equal 
to the sun's declination from the equator, and 
mark that degree from the pole where the reck« 
oning ends : then, turning the globe round its 
axis, observe what places in the north frigid zone 

X3 
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LECT. pass directly under the mark ; for they are the 

^"'* places required* 

The like may be done for the south frigid 
zone, from the 22^ of September to the 20'** of 
March, during which time the sun shines con- 
stantly on the south pole. 



PROBLEM XIV. 

To ^d the place over which the sun u vertical^ 
at any hour of a given day. 

Having foimd the sun's dec^Unation for die 
^ven day (by Prob. X), mark it with a chalk 
on the brasen nieridian : then bring the place 
where you are (suppose Lotidon) to the brasen 
meridism, smd set the index to the given hour ; 
which done, turn tli^ globe on its axis, until the 
index points to XII at noon ; and the place on 
the globe, which is then directly under the point 
of the sun's declination marked upon the meri-. 
dian, has the sun that moment in the zenith, or 
directly over head. ' 



' This problem may be easily solved without the assist- 
ance of a globe. The latitude of the place where the sun 
is vertical at any giycn timci is always equal to the sun's 
decUnatiOHy and ofthe same name ; that is, if the sun*s de- 
clination is north, the latitude of the place will be north, 
and if south, the latitude will be south. The longitude of 
the place is always equal to the number of hours (convert- 
ed into degrees, at the rate of 15^ for every hour) that the 
given time is from noon, and is east if the given time is 
before noon, and west if it is afternoon. The latitude and 
longitude, therefore, being known, the corresponding place 
may be readily found upon a common map. The sam<; 
method will answer for the moon and stars, with this dif- 
ference only, that the longitude of the place is equal to 
the number of hours between the given time and the south- 
ing of theeecelestial bodies. £d. 



\. 
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PROQI.EM XV. 

The day and hour at any place being given j to 

find all those places where the sun is tlien m- 

ingj or setting J or on the meridian; conse^ 

quently all those places which are enlightened 

at that time, and those which are in the dark. 

This problem cannot be splved by any globe lect. 
fitted ^up in the common wav witn the hour vul 
circle fixed upon the brass mendian ; imless the " ' 
. the sun be on or near some of the (ropics on the 
given day. But by a globe fitted up according 
to Mr. Joseph Harris's invention' (ajready men- 
tioned), where the hour-circle lies, on the surface 
of the globe, below the meridian, it may be 
solved for any day in the year, according to his 
method ; which is as follows. 

Having found the place to which the sun is 
vertical at the given hour, if tKe place be in th^ 
northern hemisphere, elevate th6 north pole as 
many degrees above the horizon, as-^are equal 
to the latitude of that place ; if the place be in 
the southern hemisphere, elevate the south pole 
accordingly ; and bring the said place to the 
brasen meridian. Then, all those places which 



' In all new globes the hour circle is placed upon the 
surface of the globe ; and sometimes the hours are marked 
upon the equator, without any hour circle at all. A brass 
wire surrounds the globe, passing through two holes in the 
brazen roeridiany and lying in the plane of «the equator; 
and a small index moves upon it to point out the hour. This 
is an excellent contrivance, as it enlarges the hour spaces, 
and enables to work problems with the greatest accuracy 
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LEct. are in the western semicircle of the horizon, 
^^ have the sun rising to them at that time ; and 
those in the eastern semicircle have it setting : 
to those mider the upper semicircle of the brass 
meridian^ it is noon; and to those under the 
lower semicircle^ it is midnight. All those places 
which are above the horizon, are enlightened by 
the sun, and have the sun just as many degrees 
high to them, as they themselves are above the 
horizon : . and this height may be known, by fix* 
ing the (quadrant of altitude on the brasen men-* 
d^ over the place to which the sun is vertical.; 
and then, laymg it over any other place, ob« 
serve what number of degrees on the quadrant 
are intercepted between the S3id place and the 
horizon. In all those places that are 1 8^ be> 
low the western semicircle of the horizon, the 
morning twilight is just beginning ; in all those 
places that are 18^ below the eastern semi- 
circle of the horizon, the evening twilight is end- 
ing ; and all those places that are lower than 1 8' 
have dark flight. 

If any place be brought to the upper semi, 
circle of the brasen meridian, and the hour index 
be set to the upper XII or noon, and then the 
globe be turned round eastward on its axis; when 
the place comes to the western semicircle of the 
horizon, the index will shew the time of sun* 
rising at that place ; and when the. same place 
comes to the ea^^^tem semicircle of the horizon, 
the index will shew ihe time of sun*set» 

To those places which do not go under the 
horizon, the sun &;et^ not on that day ; and to 
those which do not come above it, the sun does 
not rise. 
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PROBLEM. XVL 

The day and hour of a lunar eclipse being given^ 
to find all those places of the earth io which it 
7vill be visible. 

The moon is never eclipsed but when she is UCT. 
full, and so directly opposite to the sun, that the ^^' 
earth's shadow falls upon her. Therefore, ii^iat- 
ever place of the earth the sun is vertical to at 
that time, the moon must be vertical to the an« 
tipodes of that place; so that the sun will be then 
visible to one half of the earth, and the inoon to 
the other. 

Find the place to which the sun is vertical at 
the given hour (by Prob. XIV), elevate the pole 
to thd latitude of that place, and bring the place 
to the upper part of the biasoi meridian, as in 
the former problem : then, as the sun vrill be 
visible to all those parts of the globe which a»e 
above the horizon, the moon will be visible to 
all those parts of the globe which are below it, 
at the time of her greatest obscuration. 

But with regard to an ecfipse of the sun, there 
is no such thing as shewing to what places it will 
be visible, with any degree of certainty, bv a 
common globe; because the moon's shadow 
covers but a small pordon of the earth's surfiice; 
and her ladtude, or declination from the ecliptic, 
throws her shadow so' variously upon the earth, 
that to determine the places on which it falls, 
recourse must be had to long calculations. 
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PROBLEM XVIL 

To rectify the globe for the latitude^ the zenith j^ 

and the stm*s place. 

LECT. Find the latitude of the place (by Prob. I), 
^"J* and if the place be in the northern hemisphere, 
''' raise the north pole#bove the north point of the 
horizon, as many degrees (counted from the 
pole upon the brasen meridian) as are equal to 
the latitude of the place. If the place be in the 
southera hemisphere^ raise the south pole above 
the south point of the horizon, as many de* 
grees as are equal to the latitude. Then turn 
the globe till the place comes under its latitude 
on the brasen meridian, and fasten the quadrant 
of altitude so, that the chamfered edge of its 
nut (which is even with the graduated edge) 
may be joined to the zenith, or point of latitude. 
This done, bring the sun's place in the ecliptic 
for the given day (found by Prob. X), to the 
graduat^ side of the brasen meridian, and set 
the hour-index to XII at noon, which is the up- 
permost XII on the hour circle ; and the globe 
will be rectified, 
lumtrk. The latitude of any place is equal to the ele- 
vation of the nearest pole of the heavens above 
the horizon of that place ; and the poles of the 
heavens are directly over the poles of the earth, 
each 90® from the equinoctial line. Let us 
be upon what place of the earth we will, if 



^ The zenith, in this sense, is the highest point of the 
brasen meridian above the horizon ; but in the proper sense 
Xt is that point of the heavens which is directly vertical tg 
?)ny given place, at any given instant of time. 

4 
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the limits of our view be not intercepted by LEcrr« 
hills, we st^all see one half the heavens, or 90*^ _^^ 
every wav round, from that point which is over 
pur heads. Therefore, if we were upon the 
equator, the poles of the heavens would lie in our 
horizon, or limit of our view ; if we go from 
the equator, toward either pole of the earth, we 
shall see the corresponding pole of the heavens 

3]sing gradually above our horizpn, jusf as many 
egrees as we have gone from the .equator : and 
if we were at either of the earth's poles, the cor- 
responding pole of the heavens would be directly 
over our head. Consequently, the elevation or 
height of the pole in degrees above the horizon^ 
IS equal to the number of degrees that the place 
is from the e(}uator. 



PROBLEM XVIII. 

The latitude of any place^ not exceeding 664-.®,^ 
and the day of the month being ^iven^ to find 
the time of sun^rising and settingj catd conse* 
guently the length of the day and tifgkt. • 

. Having rectified the globe for the latitude, and 
for the sun's place on the given day (as directed 
in the precedmg problem), bnng the sun's place 
in the ecliptic to the eastern side of the horizon, 
and the hour-index will, shew the time of sun- 
Hsing} then turn the globe on its axis, until 
the sun's place comes to the western sid^ of th^ 



^ All places y^hose latitude is more than 66i^f are in 
the frigid zones ; and to those places the tun does not set 
in summer, for a certain number of diurnal revolutions! 
\vhich occasions this limitation of latitude. ^ 
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Lwcr. horuson, and the index will shew the time of 

^"- sun-setting. 

The hour of sun^setting doubled^ giyes the 
length of the day ; and the hour of sun-riaing 
doubled, gives the length of the n%ht. 



PROBLEM x-ix« 

- 77ie latitude of any place^ and' the day of the 
months being giveUj to find when the morning 
twiligh4 beginSy and the evening twilight ends^ 
at that place. 

• 

This problem is often limited ; for, when the 
sun does not go 18^ below the horizon, the 
twilight continues the whole night; and for 
sevenJ nights together in summer, between 49 
and 66|- "" of latitude ; and the ne^er to 66y, the 
greater is the number of these nights. But 
when it does begin and end, the following method 
will shew the time for any given day. 

Rectify the* globe, and bring the sun*s place 
in the ecliptic to the eastern side of the hori- 
zon ; then mark that point of the ecliptic with 
a chalk which is in the western side of the ho- 
rizon, it being the point opposite to the sun's 
place: this done, lay the quadrant of aldtude 
over the said point, and turn the globe eastward, 
keeping the quadrant at the chalk-mark, until 
it is just 1 8^ high on the quadrant ; and the 
index will pdnt out the dme when the morning 
twilight begins : for the sun's place will then bfe 
1 8° below the eastern side of the horizon. • To 
find the rime when the evening twilight ends, 
bring the sun's place to the western side of the 
horizon ; and the point opposite to it, which was 



V 
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hiarked with the chalk, will be rising in the east: lect. 
then, bring the quadnoit over that point, and ^^^ 
keeping it thereon, turn the globe westward, 
until d^e said point be 18^ above the horizon 
on the quadrant, and the index will shew the 
time when the evening twilight ends ; the sun's 
place being th^i 18^ below the western side of 
the horizon. 



PROBLEM XX. 

To find on what day of the year the sun begins to 
shine constantly j without settings on any given 
place in the north frigid zone, and how long 
he continues to do soi 

Rectify the globe to the latitude of the place, 
and turn it about until some point of the ecliptic, 
tetween Aries and Cancer, coincides with the 
north point of the horizon, where the brasen 
meridi^ cuts it; then find, on the wooden 
horizon, what daj of the year the sun is in that 
pcnnt of the echptic; for that is the day on 
which the sun be^ns to shine constantly on the 
given place, without setdng. This done, turn 
the globe until some pomt of die ecliptic, be* 
tween Cancer and libra, coinddes with the 
nocth point of the horizoil, where the brasen 
meridian cuts it } and find, on the wooden ho« 
rizon, on what day the sun is in that point of the 
ecliptic; which is the day that the sun leaves 
off constantly ahinmg on the said place^ and rises 
and sete to it as to other places on the globe. 
The number of natural days, or complete re- 
volutions of the sun about the earth, between 
the two days above found, is the time that the 
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LBCr.. sun keeps constantly above the horizon without 
^"'' letting : for all the portion of the ecliptic, that 
lies between the two points which inter^tet the. 
horizon in the very north, never sets below it : 
and there is just as much of the opposite part of 
the ecliptic that never rises : therefore, the sun 
will keep as long constantly below the horizon in 
winter as above it in summer. 

Whoever considers the globe, will find, that 
all places of the earth do equally enjoy the be* 
nefit of the sun, in respect of time, and are 
equally deprived of it. For, the days and nights 
are always equally long at the equator : and in 
all places that have latitude, the days at one 
time of the year are exactly equal to the nights 
^L the oppose season. 



PftOBLEM XXt. 

m 

Tofini in what latitude the sun shines constantly^ 
without settings for any' length of time less than 
182-j- of our days and nights.^ 

Find a point in the ecliptic half as many de^ 
grees from the beginning of Cancer (either to- 
ward Aries or Libra) as there are natural days^ 
in the time riven ; and bring that point to the 
north side of the brasen meridian, on which ^he 
degrees are numbered from the pole toward the 



^ The reason of this limitation is* that 182^ of our 
days and nights make half a yeary* which is the longest 
time that the sun shines without settings even at the poles 
of the earth. 

'^ A natural day contains the whole 24 hours : an arti- 
Scial day, the time that the sun is above the horizon. 



\ 
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equator ; then keq) the globe from turning on lect. 
its axis, and slide the meridian up or down, un- ^'"- 
til the aforesaid point of the ecliptic comes to ' 
the north point of the horizon, and then, the 
elevation of the pole will be equal to the latitude 
required. 



PROBLEM XXII. 

The latitude of a place j not exceeding 66t **, and 
the day of the month being given^ to find the 
,sun*s amplitude^ point of the compass on which 
he rises or sets on that day. 

m 

Rectiiy the globe^ and bring the sun's place 
tD the eastern side of the horizon i then observe 
what point of the compass on the horizon stands 
right against the sun's place, for "that is his 
amplitude atrisine. This dcme, turn the globe 
westward, until the sun's place comes to the 
western side of the horizon, and it will cut the 
point of his amplitude at setting. Or, you may 
count the rising amplitude in degrees, from the 
east point of the horizon, to that point where 
the Sim's place cuts it j and the setting ampli- 
tude, from the west point of the horizon, to the 
sun's place at setting. 



i 
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PROBLEM XXIII. 

The latitude^ the sun^s place^ and his altitude^' 
being giverij to find the hour of the day^ and 
the sun's azimuth^ or number of degrees tfiat 
he is distant from the meridian. 

UGT. Rectify the globe, and bring the sun's place 
^'"' to the given height upon the quadram of alti« 
" tude ; on the eaBtem ^ie of the horizoOy if the 
time be in the forenoon } or the western side, .if 
it be in the afternoon ; then, the index will shew 
the hour ; and the niunber of degrees in the hjo- 
rizon intercepted between the quadrant of alti- 
tude and the south point, wiU be the sun's true 
azimuth at that time. 

N. B. Always when the quadrant of altitude 
is mentioned in working any pvoblto^ the gra* 
duated edge of it is meant. 

If this be done at sea, and compared with the 
sun's azimuth, as shewn by the compass, if 
they agree, the compass has no variation in 
that fdace : but if they diffiur, the compass does 
vary : and the variadon is equal to this differ- 
ence. 



' The sun's altitude, at any timC} is his height in degrees 
above the horizon at that time. 
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PROBLEM XXIV. 



TJie latitude J hour of the day^ and the sun^splace^ 
being given^ to find the surCs altitude and 
azimuth. 

Rectify the globe, and turn it until the index i^kt* 
points to the given hour ; then lay the quadrant . ^"'' 
of altitude over the sun*s place in the ecliptic, 
and the degree of the quadrant cut by the sun^s 
place is his altitude at that dme above the ho- 
rizon ; and the degree of the horizon cut by the 
quadrant is the sun's azimuth, reckoned from 
the south. 



PROBLEM XXV. 



Tlve latitude^ the surCs altitude^ and his azimtuh^ 
being given^ to find his place in 'the eelipticy 
the day of the monthj and hour bf-ihe day^ 
though they had all been lost. 

Rectify the globe for the latitude and zenith,* 
and set the quadrant of altitude to the given 
azimuth in the horizon ; keeping it there, turn 
the globe on its axis until the ecliptic cuts the 
quadrant in the given altitude: that point of 
the ecliptic which cuts the quadrant there, will 
be the sun's place ; and the day of the month 
answering thereto, will be found over the like 



* By rectifying the globe for the zenith, is meant screw" 
iRg the quadrant of altitude to the given htitud^ on the 
brass meridian. 

Foi. L y 
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LECT. place of the sun on the wooden horizon. Keep 
"^'"^ the quadrant of altitude in that position, and 
having brought the sun's place to the brasen me- 
ridian, and the hour index to XII at noon, turn 
back the globe until the sun's place cuts the 
quadrant of aldtude again, and the index will ^ 
shew the hour. 

Any two points of the ecliptic which are 
equi-custant from the beginning of Cancer or of 
Capricorn, will have the same aldtude and azi- 
muth at the same hour, though the months be 
different ; and therefore it requires some care in 
this problem, not to mistake both the month, 
and the day of the month ; to avoid which, ob- 
serve, that from the 20** of March to the 21* of 
Jime, that part of the ecliptic which is between the 
beginning of Aries and the beginning of Cancer 
is to be used : fit)m the 21«' of June to the 22* 
of September, between the beginning of Cancer 
aad the beginning of libra : from the d^'' of Sep- 
tember to the 81* of December, between the 
beginning of Libra and th^ beginning of Capri- 
corn ; and from the Q,\^ of December to the 
20^ of March, between the beginning of Capri- 
com and the beginning of Aries. And as one can 
never be at a losa to l^ow in what quarter of the 
year he takes the 9un's aldtude and azimuth, the 
above caudon, with regard to the quarters of the 
ecliptic, will keep him r^ht as to the month and 
day thereof. 



\ 
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PROBLEM XXVL 



To find the length of the longest day at any given 

place. 

If the place be on the north side of the equa- i.£CT. 
tor, find its latitude (by Prob. I\ and elevate ^"^ 
the north pole to that latitude ; then, bring the 
beginning of Cancer S to the brasen mendian^ 
and set the hour-index to XII at noon. But if 
the given place be on the south side of the 
equator, elevate the south pole to its latitude, 
and bring the beginning of C2q>ricom vg to the 
brass meridian, and the hour-index to XII. 
This done, turn the globe westward, until the 
beginning of Cancer or Gq>iiconi (as th^ latitude 
is north or south) comes to the horizon ; and 
the index will then point out the thM of sun- 
setting, for it will have gone over aH th6 sifter- 
noon hours, between mid-day and sun-set ; which 
length of time being doubled, vAW give the wholie 
length of the day, nrom sun-rising to sun-setting« 
For, in all latitutles, the sun rises as long before 
mid-day as he sets after it. 



PROBLEM XXVII. 

■ 

To find in what latitude tht lon^estjla^isofamf 
given length less thttn 7i4i^fdSws. . • . 

If the* latitude be north, bring the beginnmg 
of Cancer to the brasen meridian, and ejievate 
the north pole to about 664^^;.but if thelati« 
tude be south, bring the beginiung of Capricorn 
to the meridian, and elevate tHe south pole to 

Y2 
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LECT. about 664- ^ ; because the longest day in north 
^" latitude, is when the sun is in the first point of 
Cancer ; and in south latitude, when he is in the 
first point of Capricorn. Then set the hour-in- 
dex to XII at noon, and turn the globe west- 
ward, until the index points at half the number 
of hours given : which done, keep the globe from 
turning on its axis, and slide the meridian down 
in the notches, until the aforesaid pomt of the 
ecliptic (viz. Cancer or Capricorn) comes to the 
horizon ; then, ^e elevation of the pole will be 
equal to the latitude required. 



PROBLEM XXVIII. 

The latitude of any place j not exceeding 667 % 
being gtven^ to find in what climate 4 the place is* 

Find the length of the longest day at the given 
place by problem xxvi, and whatever be the 
number of hours wherd>y it exceeds twelve, 
double that number, and the sum will answer to 
the climate in which the place is. 



^ A climate^ from the equator to either of the polar cir- 
cleSy is a tract of the earth's surface, included between two 
Buch parallels of Latitude, that the length of the longest 
day in the one exceeds that in the other by half an hour; 
but, from the polar circles to the poles, where the sun keeps 
long above the horizon without setting, each climate differs 
a whole month from the one next to it. There are twenty- 
four climates between the equator and each of the polar cir- 
cles, and six from each polar circle to its respective pole. 



The Use of the Terrestrial Globe. 341 



PROBLEM XXIX. 

The latitude and the day of the month being 
giveny to find the hour qftlie day when the sun 
shines. 

Set the wooden horizon truly level, and the lect. 
brasen meridian due north and south by a ma- , ^'"' 
riner's compass; then, having rectified the 
globe, stick a small sewing needle into the sun's 
place in the ecliptic, perpendicular to that part 
of the surface oi the globe : this done, turn the 
globe on its axis, until the needle comes to the 
brasen meridian, and set the hour-index to XII 
at noon ; then, turn the globe on its axis, until 
the needle points exactly toward the sun (which 
it will do when is casts no shadow on the globe), 
and tl^e index will shew the hour of the (uyt 



PROBLEM XXX. 

A pleasant way of shewing all those places oftJie 
earth which are enlightened by the sun^ and 
also the time of the day when the sun shines. 

Take the terrestrial ball out of the wooden 
horizon, and also out of the brasen meridian ; 
then set it upon a pedestal in sun-shine, in such 
a manner, that its north pole may pdnt directly 
toward the north pole of the heavens, and the 
meridian of the place where you are be directly 
toward the south. Then, the sun will shine 
upon all the like places of the globe, that he 
does on the real earth, rising to some when he 
is setting to others ; as you may perceive by that 
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LECT. part where the enlightened half of the globe is 
^^^ divided from the half in the shade, by the 
' boundary of the Ugkt and darkness : all those 
places^ on which the s^n shines, at any time» 
having day ; and all those, on which he does 
not smne, havh&g night. 

If a narrow slip of paper be put round the 
equator, and divided into twenty-four equal parts, 
beginning at the meridian of your pliice, and the 
hours be set to those divisions in such a manner^ 
that one of the Ws may be upon your meri- 
dian { the sun b^g upon that meridian at noon^ 
will then stune e^^actly to the two XIFs ; and 
at one to the two Ts, &c. So that the place 
where the enlightened half of the globe is parted 
from the shaded half, in this drcte of hours, wit) 
shew the time of ^e day. 

The principles of Dialing sh;Jl be explained 
farther on, by the terrestrial globe* At present 
we shall only add the following observations up^. 
on it ; and then proceed to the use of the celes- 
tial globe. 

1 . The latitude of any place is equal to the 
elevation of the pole above the horizon of that 
place, and the elevation of the equator is equal 
to the complement of the latitude, that is, to 
wjbat the latitude wants of 90"". 

2« Those places which lie on the equjator^ 
have no latitude, it being there that the lati* 
tude begins ; and those places wl^ich lie on the 
first mipridian have no longitude, it being there 
thjat the longitude begins. Consequently, tha$ 
particular place of the earth, where the ^st me- 
ridian intersects the equator^ has neither longi- 
tude nor latitude. 

3. At all places of the earthy except the poles. 



\ 
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all the points of the compass may be distingiush- ucr. 
ed in the horizon: but from the north pele^ , ^^^ 
every place is south ; and from the south pole^ ^ 
every place is north. Therefore, as the sun is 
constantly above the horizon of each pole for 
half a year in its turn, he cannot be said to de* 
part from the meridian of either pole for hitf a 
year together. Consequently, at the north pole 
It may be said to be noon every moment for half 
a year ; and let the winds blow from what part 
they will, they must always blow from the south j 
and at the south pole, from the north. 

4. Because one half of the ecliptic is above 
the horizon of the pole, and the sun, moon, and 
planets, move in (or nearly in) the ediptic ; they 
will all rise and set' to the poles. But, because 
the stars never change thkr declinations from 
the equator (at least not sen^y m one age), - 
those which are once above the hwizofi of dither 
pole, never set below it ; and those which are 
once b^low it, never rise. 

5. All places of the earth do equally enjoy 
the benefit of the sun, in fespect of time, and 
are equally deprived of it. 

6. All places upon the equatcMr have their days 
and nights equally long, that is, twdve hours 
each, at all timea of the year^ Vent although* Ae 
sun declines, alternately^ frdm^ the equator t6» 
ward the north and tawird the south, yet, a» the 
horizon of the equator cuts all the paAlIels of 
latitude and declinadon in halves, the sun musf 
always continue above the horizoii for one half a 
diurnal revolution about the earth, 2Mkd for the 
other half below it. 

?• When the sun's pectination is greater than 
the latitude of any place, upon ehhtf' sidb of the 
equator, the sun will come twice to the saifle azi- 



«« 
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VMCt. xaathj or point of the compaas in the forenoon, 
^'^ at that place, and twice to a like azimuth in the 
afternoon ; that is, he will go twice back every 
day, while his declination continues to be greater 
than the latitude. Thus, suppose the ^lobe rec- 
tified to the latitude of Barbadoes, which is 1 S^ 
north ; and the sun to be anywhere in the eclip- 
tic,' between the middle of Taurus and middle of 
Leo ; if the quadrant of altitude be set to about 
18"*^ north of the east in the horizon, the sun's 
place be marked with a chalk upon the ecliptic, 
and the globe be then turned westward on its 
axis^ the said mark will rise in the horizon a 
little to the north of the quadrant, and thence 
ascending, it will cross the quadrant toward the 
south ) but before it arrives at the meridian, it 
wdl cross the quadrant again, and pass over the. 
meridian northward of &urbadoes. And if the 
quadrant be set abput 18^ north of the west, the 
sun's place will cross it twice, as it descends from 
the meridian toward the horizon, in the after- 
noon. 

8. In all places of the earth between the equa^^ 
tor and poles, the days and nights are equally 
lon^, viz. 12 hours each, when the sun is in the 
equmoctial ; for, in all elevations of the pole, 
short of 90"* (which is the greatest), one half of 
the equator or equinoctial will be above the ho- 
rizon, and the odier half below it. 

9. The days and nights are never of an equal 
length at any place between the equator and 
polar circles, but when the sun enters the signs 
^ Aries and d^k librai for in every other part 



^ From the middle of Gemini tp the mi4dle of Cancer^ 
the quadrant may be set 20^. 
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of the ecliptic the drcle of the sun's daily mo- i£Cr. 
tion is divided into two unequal parts by the, ^™' 
horizon. 

10. The nearer any place is to the equator, 
the less is the difference between the length of 
the days and nights in that place ; and the more 
remote, the contrary. The circles which the 
sun describes in the heavens every twenty-four 
hours, being cut more nearly equal in the former 
case, and more unequally in the latter. 

1 1 . In all places lying upon any given par- 
allel of latitude, however long or short the day 
or night be at any one of these places, at any 
time of the year, it is then of the same length at 
all the rest j for in turning the globe round its 
axis (when rectified according to the sun's de- 
clination) all these places will keep equally long 
above or below the horizon. 

1 2. The sun is vertical twice a-year to every 
place between the tropics ; to those under the 
tropics, once a-year, but never anywhere else : 
for there can be no place between the tropics 
but that there will be two pcnnts in the ecliptic, 
whose declination from the equator is equ^d to 
the latitude of that place ; and but one point of 
the ecliptic which has a declination equal to the 
latitude of places on the tropic which that point 
of the ecliptic touches ; and as the sun never goes* 
without the tropics, he can never be vertical to 
any place that ues without them. 

] 3. To all places in the torrid zone,' the dur« 
ation of the twilight is least, because the sun's 
daily motion is the most perpendicular to the ho- 
rizon. In the frigid zones,^ greatest ; because 



' Between the tropics. 

f Between |he polar circles and poles. 
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i^T. the sun's daily motion is nearly parallel to tlie 
horizon ; and therefore he is the longer of get- 
ting 18^ below it, till which time the twilight 
always continues. And in the temperate zones' 
it is at a medium between the two, because the 
obliquity of the sun's daily motion is so. 

14. la all pbces lying exactly tinder the polar 
circles, the sun, when he is in the nearest tropic, 
continues twenty-four hours above the horizon 
without setting ; because no part of that tropic 
is below their horizon. And when the sun is in 
the farthest tropic, he is for the same length of 
time without rising; because no part of that 
tropic is above their horizon. But, at all other 
times of the year, he rises and sets there, as in 
other places ; because all the circles that can be 
drawn parallel to the equator, between the tropics, 
are more or less cut by the horizon, as they are 
farther from, or nearer to, that tropic, which is 
all above the horizon : and when the sun is not 
in either of the tropics, his diurnal course must 
be in one or other of these circles. 

15. To all places in the northern hemisphere, 
from the equator to the polar circle, the longest 
day and shortest night is when the sun is in the 
northern tropic; and the shortest day and longest 
night is when the sun is in the southern tropic ; 
because no circle of the sun's dailv motion is so 
much above the horizon, and so little below it, 
as the northern tropic ; and none so litjole above 
it, and so much below it, as the southern. In 
the southern hemisphere, the contrary. 

1 6. In all places between the polar circles and 
poles, the sun appears for a nmnber of days 



'•-^■ 



^ Octween the tropics an4 polar circles. 
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(or rather diurnal revolutions) without setting ; 
sind at the opposite time of the year without 
rising ; because some part of the ecliptic never 
sets ii\ the former case, and as much of the op- 
posite part never rises in the latter. And the 
nearer unto, or the more remote from, the pole, 
these places are, the longer or shorter is the sun's 
continuing presence or absence. 

1 ?• If a ship sets out from any port, and sails 
round the earth eastward to the same port again^ 
let her take what time she will to do it in, the 
people in that ship, in reckoning their time, will 
gain one complete day at their return, or count 
one day more than those who reside at the same 
port ; because, by going contrary to the sun's 
diurnal motion, and being forwarder every even- 
ing than they were in the morning, their horizon, 
will .get so much the sooner above the setting 
siin, than if they had kept for a whole day at 
any particular pjace. And thus, by cutting off 
a part proponional to their own motion, from 
the length of every day, they will gain a com- 
plete day of that sort at their return ; without 
gaining one moment of absolute tim^ more than 
is elapsed during their course, to the people at 
the port. If they sail westward, they wil) 
reckon one day less than the people do who re- 
side at the said port ; because, by gradually fol- 
lowmg the apparent diurnal motion of the sun, 
they will keep him each particular day so much 
longer above their horizon, as answers to that 
day's course ; and by that means, they cut off a 
whole day }n reckonmg, at their return, without 
losing one moment of absolute time* 

Hence, if two ships should set out at the same 
time from any pprt^ and s^l round the globe. 




348 Oiservaiians on the Terrestftal Globe* 

m 

LECT. one eastward, and the other westward, so as to 
^"^* meet at the same port on any day whatever; they 
~^ will differ, two days in reckoning their time, at 
their return. If they sail twice round the earth, 
they will differ four days ; if thrice, then six, 
&c. 
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LECTURE IX. 



THE USE OF THE CELESTIAL GLOBE, AND 

ARMILLARY SPHERE. 



JlIaving clone for the present with the ter- LECt. 
restrial globe» we shall proceed to the use of the . '^ . 
celestial; first premising, that, as the equator, The .«fo. 
ecliptic, tropics, polar circles, horizon, and bras-*'*'**^- 
en meridian, are exactly alike on both globes, 
all the former problems concerning the sun are 
solved the same way by both globes. The 
method also of rectifymg the celestial globe is the To rectify 
same as rectifying the terrestrial, viz. elevate*^- 
the pole according to the latitude of your place, 
then screw the quadrant of altitude to the zenith, 
on the brass meridian ; bring the sun's place in 
the ecliptic to the graduated edge of the brass 
meridian, on the side which is above the south 
point of the wooden horizon, and set the hour- 
index to the uppermost XII, which stands for 
noon. 

JV. J5. The sun's place for any day of the year 
stands directly over that day on the horizon of 
the celestial globe, as it does on that of the ter- 
restrial. 
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UCT« The latitude and longitude of the stars, and of 
. "^ . all other celestial phenomena, are reckoned in 
/«frteitend2i very diflferent manner from the latitude and 
*^^*'' of longitude of places on the earth : for all terres* 
*'*''* trial latitudes are reckoned from the equator ; 
and longitudes from the meridian of some re* 
markable place, as of I^ndon by the British, 
and of Paris by the French ; though most of the 
French maps begin their longitude at the me- 
ridian of the island Ferro. But the astrono- 
mers of all nations agree in reckoning the lati« 
tudes of the moon, stars, planets, and comets, 
from the ecliptic ; and their longitudes from the 
equinoctial colure,' in that semicircle of it which 
cats the ecliptic at the beginning of Aries, V ; 
and thence eastward, quite round, to the same 
semicircle again. Consequently those stars which 
%lie between the equinoctial and the northern half 
of the ecliptic, have north declination and south 
. atitude ; those which lie between the equinoc- 
tial and the southern half of the ecliptic, have 
south declination and north latitude; and all 
those which lie between the tropics and poles 
have their declinations and latitudes of the same 
denomination. 

There are six great circles on the celestial 
globe, which cut the ecliptic perpendicularly, 
and meet in two opposite points in the polar 
circles; which points are each ninety degrees 



' The great circk that passes through the egtdncctial 
points at the beginning of ^ and j[l, and through the poUs 
of the world (which are two opposite points^ each gO^ from 
theequiaoctnl), is called the equmoctial cohtre : Bndthtgma 
circle that passes through the beginning of 03 and y^f aid 
also through the poles rf the ecliptic^ and poles of the Worlds 
is called the solstitial colure. 
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from the ecliptic, and are called its poles. These lbct. 
polar points divide those circles into twelve semi* ^^ 
circles ; which cut the ecliptic at the beginnings 
of the twelve signs. They resemble so many 
meridians on the terrestrial globe; and as aU 
places which lie mider any particular meridian 
semicircle on that globe, have the same longi- 
tude, so all those points of the heavens, through 
which any one of the above semicircles are 
drawn, have the same longitude. And as the 
greatest latitudes on the earth are at' the north 
and south poles of the earth, so the greatest lati- 
tudes in the heavens, are at the norm and south 
poles of the ecliptic. 

In order to distinguish the stars, with regard Ctmuus^ 
to their situations and positions in the heavens, the '^^* 
ancients divided the whole visible firmament of 
stars into particular systems, which they called 
consieUations ; and digested them into the forms 
of such animals as are delineated upon the celes- 
tial globe. And those stars which lie between 
the ngures of those imaginary animals, and could 
not be brought within the compass of any of 
them, were adled unformed stars^^ 

Because the moon and all the planets were 
c4)8erved to move in circles or orbits which cross 
the ecliptic (or line of the sun's path) at small 



^ la Carey'li celestial globes* wkerr the figures of the 
consteUatiotts are omitted, and the coasteUatioas themselves 
separated hj a dotted line» there can be no such thing as 
unformed start; or, properly speaking, they are all un« 
finmcd. Thk innoTatkm in the construction of celestial 
globes is altogether unallowable. It is not sanctioned 
by the anthoffky of astronomers. It is. attended with no 
adwmtages i but, on the contrary it diminishes the value of 
the globe, by rendering it less useful in the study of astro- 
nomy. In other respects Mr. Caurey** globfs are <^ a su- 
perior kind.— 'Ed. 
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t^cr. angles^ and to be on the north side of the ecliptk 
^^ . for one half of their course round the heaven 
of stars, and on the south side of it for the 
other half, but never to go auite 8^ from it 
on either side, the ancients distinguished that 
space by two lesser circles, parallel to the eclip- 
tic (one on each side) at 8^ distance from 
it. And the space included between the circles, 
they called the zodiac^^ because most of the twelve 
constellations placed therein resemble some living 
creature. — ^These constellations are, 1 , Aries T, 
the ram ; 2, Taurus My the bull ; 3, Gemim' u, 
the twins ; 4, Cancer SS^ the crab ; 5, Leo £1, 
the lion ; 6, Virgo, *R, the virgin ; 7, Libra :Qf, 
the balance ; 8, Scorpio ni, the scorpion ; 9. 
Sagittarius 1^, the archer; 10, Capricomus if, 
the goat; 11, Aquarius OZy the water-bearer; 
and 12,Pisce8.X, the fishes. 

It is to be observed, that in the infancy of as- 
tronomy, these twelve constellations stood at or 
near the places of the ecliptic, where the above 



' Since this work was wntten, four new planets have 
been added to our system^ by the indefatigab^ exertions 
of modern astronomers— the Georgium Sldui^ discovered by 
Dr. Herschel ; Ceres^ by Piazzi ; Pailajt by Dr. Olbers ; 
and a fourth, which has been called Juno^ has very lately- 
been discovered by Mr. Harding. The Georgium Sidus 
is situated beyond the orbit of Saturn, and the other three 
between the orbits of Mars and Jupiter, and almost at eqiuJ 
distances from the sun. The inclination of Ceres* orbit 
to the ecliptic is shout 10^ ; the inclination of Juno*s orbit 
W^ ; and that of Pallas 35^ ; so that the limits of the 
zodiac must now be extended, from 8^ on each side of the 
ech'ptic, to 35^ on each side of itf in order to comprehend 
these newly discovered planets. The satellites of the 
Georgium Sidus, indeed, move almost at right angles to 
the ecliptic ; and therefore, properly speaking, thm cam 
be no zodiac at all.— Ed. 
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characteristics are marked upon the globe : but lbct. 
now each constellation has got a whole sign ^ "^ 
forwarder, on account of Ae recessbn of me^* 
equinoctial points from their former places. So 
that the constellation of Aries i& now in the 
former place of Taurus ; that of Taurus in the 
former place of Gemini } and so on. 

The stars appear of different magnitudes to 
the eye ; probably because they are at diflSerent 
distances from us. Hiose which appear bright- 
est and largest, are called stars of the first mag'- 
nitude ; the next to them in dze and lustre, are 
called stars of the second magnituie } and so on 
to the sixths which are the smallest diat can be 
discerned by the bare eye. 

Some of the most remarkable stars have names 
given them, as Castor and Pollux, in the headis 
of the Twins ; Sinus, in the mouth of the Great 
Dog; Pirocyon, inthedde of the little Dog; 
Rigel, in the Idt foot of Orion ; Arcturus, near 
the thigh of Bootes, &c/ 

These thines being premised, which I think 
are all that the young tyro need be acquainted 
with, before he bedns to work suny praUem by 
this globe, we shsul now proceed to the most 
useful of those problemsi omildng sevecal ^riiich 
are of little or no consequence* 



mmm^mmmmm'iimmmmim^mmtmimmmfm^ 



^ The tttrt of each copiteDation ire disdoguished from 
•ne another, by prefixing the letters of the Greek alphabet 
to the name of tne coostelhitiaA. The hrighUi^ itar, for 
instance, of the coottcUtian Lm% is called m Lmu / the 
next brighten, f Li6mi$ and lo oiu It mvH hA nmem^ 
bercd, howem* that the Greek letters da aol aadifiMe tke 
magnitude of the stars which thflyveprescnubu^meinilf 
the relatif e ms^tude of those in the saiM cQasubttto* 
Thxj^^MFirgmis is astar of ikcJSni magnitude |. « /ifrvi^ 
a star oi^'ibc mmi mi^putude ; and n J f Mtm^ a Mr ti 
the liWmagnitude.«->Ei>. 

Vol. tr 1 
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PROBLEM. T. 

Tojind the right ascension ' and declination * of 
the sun^ or any Jioced star. 

LECT« Bring the sun's place in the ecliptic to the 
^^ , brasen meridian^ then that degree in the equi- 
noctial which is cut bj the meridian is the 
sun's xjghi' ascension ; and that degree of the 
meridiaii which is over the sun's place is his 
declination* Bring any fixed star to the meri- 
dian, and Its right ascenaon wjU be cut by the 
meridian in the equinoctial ; and the degree of 
the meridian that stands over it is its declina- 
tion. 

So that right ascension and declination on the 
celestial globe, are found in the same manner as 
longitude and latitude on the terrestrial. 



PROBLEM II. 

TofindTthe latitude and longitude of any star. 

If the given star be on the north side of the 
ecliptic, place the 90^ of the quadrant of aiti* 
tude on the north pole of the ecliptic, where the 



' The degree of the equinoctial, reckoned froih the be- 
ginning of Aries, that comes to the meridian with the sun 
or star, is iu right ascension. The longitude of any ceks- 
tial body is counted on the ecliptic, and its rigii ascen- 
sion upon the cquinoctiaL 

* The distance of the sun or stars in degrrees from Xhk 
equinoctial, toward either of the poles, north or south, it 
its decrmatumf which is north cr south accordingly. 



/ 
"• 




The Use of the Celestial Ghbei 3^5 

twelve semicircles meet ; which divide the eclip- lect. 
tic into the twelve signs : but if the star be on ^^ 
the south ride of the ecliptic, place the 90* of' 
the quadrant on the south pole of the ecliptic i. 
keeping the 90'' of the quadrant on the proper 
pole, turn the quadrant about, until its graduated 
edge cuts the star ; then, the number of degrees 
in the quadrant, between the ecl^c and the 
star, is its latitude ; and the degree of the eclip* 
tic cut by the quadrant, is the star's longitude, 
reckonea according to the dgn in which the 
quadrant then is. 



PROBLEM llt^ 

3fb represent tfie/ace of the starry JirmametU^ as 
seen from am/ given place if the earthy at any 
hour of the night. 

Rectify the celestial globe tor the given lati- 
tude, the zenith, and sun's place, in every re- 
spect, as taught by the 17^ problem, for the 
terrestrial; and turn it about, until die index 
points to the given hour : thai, the upper he» 
misphere of the globe will represent the visible 
hall of the heavens for that time : all the stars 
upon the globe being then in such situations, as 
exactly correspond to those in the heavens. And 
if the globe be placed duly north and south, by 
means of a small sea-compass, every star on the 
globe will point toward the luLe star in the hea^ 
vens : by which means, the constellations and 
remarkable stars may be easily known. All 
those stars which are in the eastern side of the 
horizon, are then rising in the eastern ^de of 
the heavens: all those in the westeiwjttpe setting io 
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die wettdrn sUk ; and all those under the up« 
per part dE the brateft meridian, between the 
Muth poiiit (tf the horizon and die north pole, 
are itt dieir greatest altkude, if the latitude of 
the jdace be norA : but if die latitude be south 
didse stars wtich Ue under the upper part of 
the meridian, between the north point of the 
horistofl and the soitfb pole, are ac their greatest 
allude. 



PROBLEM IT. 

The latitude of the place^ and day of the months 
being giverij tojind the time when any known 
star will risty of be on the fneridian^ or set. 

Having re<^ed the gtobe, turn it about un- 
dl the eiven star comed to the eastern side of 
the horizon, and the index will shew the dme 
of the star's risine ; then turn the globe west* 
ward^ and when me star comes to the brasen 
meridhn, the index will shew the dme of the 
stars coniing to the meridian of your place ; last- 
ly, turn on, until the star comes to the western 
mte of the horizon, and the index will shew the 
time of die star's setting* 

N. B. In northern ladtudes, those stars which 
are less distant from the north pole, than the 
quandtv of its elevadon above the north point 
of the horizon, never set ; and those which are 
less distant from the south pole, than the num- 
ber of degrees by which it is depressed below 
the horizon, never rise ; and vice versa in south- 
em latitudes.' 



' A drdcy described upon the north pole as a centre^ and 
comprchtadmg sU those stars whkh never set in any lati- 
tude. 
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PROBLEM V. 

To find at what time qfthe year a given star will 
be vpon the meridian^ at a given hour of the 
night. 

Bring the given star tp tbe unper seoMcircle lect. 
of the brass meridian, and set me index to the , ° ^ 
given hour ; then turn the globe until the in- 
dex pdnts to XH at aoon^ and the upper semi- 
circle of the meridiaa will then cut tj^e sun's 
place, answering to the day <^ the year sought; 
which day may be .|S96ily found sgamst the lik^ 
place ciw siun amoqg the signs on the wooden 
hori^pv^ 



PEOBI.EM 71. 

The latitude^ dm/ qfthe months and azimuth ^ of 
any known star^ being given^ to Jlnd the hour 
of the night. 

Having rectified the gldbe for the latitude, 
7.enith, and sun's place. Jay ihe quadrant of 
^tjtude to the given degree pf azunuth in the 
horizon : then tvuii the^dbe on its zaps, until 
the star comes to the graduated edge .of the 



tude, 18 called the cireb of Urfehud iMariHw; and an- 
other drck, descxibed upon the south pole at a centre, and 
comprehending those stars which nerer rise, is called the 
circle of perpetual occvliaiion — Ed. 

^ The number of de^es that the sunt moon, or any star, 
is from the meridiiuii either to the east or west, is called it^ 
axiiauth* 

Z3 
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LEcr. quadrant ; and ^ hen it does, the in4ex will point 
°^ put the hour of the night* 



PROBLEM VU. 

The latitude of the place ^ the day of the mont?i^ 
and altitude ^ 6J any hnourn star^ being given^ 
to find the hour of the night. 

Rectify the globe as in the former problem, 
guess at the hour of the night, and turn the 
globe until the index points at the supposed 
hour ; then lay the graduated edge of the qua- 
drant of altitude over the known star, and it the 
degree of the star's height in the quadrant upon 
the globe, answers exactly to the degree of the 
star's observed altitude in the heavens, you have 
guessed exactly : but if the star on the globe is 
higher or lower than It was observed to be in the 
heaven, turn the globe backward or forward, 
keeping the edge of the quadrant upon the star, 
until its centre comes to the observed altitude in 
the quadrant ; and then the index will shew the 
true time of die nightf 



^ The number of degrees that the star is above the hori* 
zon» as observed by means of a common quaHrant, is callc^^ 
iisahitudc. 
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PROBLEM VIII. 

An easy method of finding the hour of the night 
by any two knotm stars^ without knowing either 
their altitude or azimuth ; and therij of find* 
ing both their latitude and azimuth^ and there^ 
by the true meridian. 

Tie one end of a thread to a common musket lect. 
bullet ; and having rectified the globe as above, '^ 
hold the other end of the thread in your hand, 
and carry it slowly round between your eye and 
the starry heavens, until you find it cuts any two 
known stars at once. Then, guessing at the 
hour of the night, turn the globe until the index 
points to the time in the hour circle ^ which 
done, lay the s^raduated edge of the quadrant 
over any one of these two stars on the glob^, 
which tne thread cuts in the heavens. If t}ie said 
edge of the quadrant cuts the other star also« 
you have guessed the time exactly ; but if it 
does not, turn the globe slowly backward or 
forward, until the quadrant (kept upon either 
star) cuts them both through their centres ; and 
then the index will point out the exact time of 
the night ; the degree of the horizon, cut by the 
quadrant, will be the true azimuth of both these 
stars from the south ; and the stars themselves 
will cut their true altitudes in the quadrant. At 
which moment, if a common azimuth compass 
be so set upon a floor or level pavement, that 
these stars in the heavens may have the same 
bearing upon it (allowing for the variation of the 
needle), as the quadrant of altitude has in the 
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LECT. woodea horizon of the dobe, a thread extended 
J^ . over the north and south points of that compass 
wilt be directly in fhe plane of the meridian ; and 
if a line he drawn upon the floor or pavemei^^ 
alot^ the course of the thread, and an upright 
wire be placed in the southernmost end of the 
line, the shadow of the wire will fall upon that 
line, when the sun is on the meridian, and shines 
lipon the pavement. 



' PflOBLEM IX. 

Tojfind (hi place (f the meoHj br of any planety 
and ^leireby to shew its time 4yf risings south- 
ing and setting. 

Seek iA ^ Nautical Aknamck, or Wyie'ls 
EptleAcsris, the geoeemiric fkust ^ <tf the moon 
fft phtiet in die eolmtic for Ae giveft daf i^f the 
fiionth, and, according aft ks fongkude aiid kd^ 
tude is found, mark the same mA a chalk upon 
the globe. Theli, having irectified the globe, 
turn it round its locis west^iraid j and as the sakl 
mark comes tp the eastern side of the horizon, 
to the htasen meridian, and to the western side 
of the horizon, the index wiil shew at what time 
the planet t»es, comes to die meridisoi, and 
sets, in die sam^ manner ^ it would do for a 
fixed star. 



^ The place of the moon or plaeet^ as seea fiEX)m the 
earth, ig called its Geocentric place, and its place, ^^ seen 
from the tun, is called its Heliocentric |^ce. 
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PROBLEM X. 

To explain the phenomena of the harvest inoon. 

In order to do this, we must premise the fol- ^^^' 
lowing things: 1, That as the sun goes nnly . ^ * 
once a year round the ecliptic, he can be but 
once a year in any particular point of it : andl 
that his motion is almost a degree every 24 
Jhours, at a mean rate. 2, That as the moon 

Soes round the ecliptic once in 27 days and S 
ours, ^e advances 13^^ in it every day, at a 
mean rate. S, That as the sun goes tnrough part 
of the ecliptic in the time the moon goes round 
it, the moon cannot at any time be either in con- 
junction with the sun, or opposite to him, in that 
.part of the ecliptic where ^e was so the last time 
before ; but must travel as much, forwarder, as 
the sun has advanced in the said time : which 
being 294- days, makes almost a whole sign. 
Therefore, 4, The moon can be but once a year 
opposite to the sun, in any particular part ot the 
ecliptic. 5, That tiie moon is never full but 
when che is opposite to the sun, because at no 
other time can we see aU that half of her 
which the sun enlightens. 6, That when any 
point of the ecliptic rises, the opposite point sets. 
Therefore, when the moon is opposite to the sun, 
she must rise at ^ sun-set. 7, That the different 
signs of the ecliptic rise at very different angles 



*^m 



^ This 16 not always sirictly trucy because tliemooQ does 
not keep in the ecliptic^ but crosses it twice every month. 
However, the difference need not be regarded in a general 
explanation of the cause (rf the harvest moon. 
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LECT. or degrees of obliquity with the horizon^ espe* 
'^ cially in considerable latitudes; and that the 
smaller this angle is, the greater is the portion of 
the ecliptic that rises in any small part of time ; 
and vice versa. 8, That, in northern latitudes, 
no part of the ecliptic rises at so small an angle 
with the horizon, as Pisces and Aries do ; there- 
fore, a greater portion of the ecliptic ris^ in one 
hour, about these signs, than about any of the 
rest. 9, That the moon can never be full in 
Pisces and Aries but. in our autumnal months ; 
for at no other time of the year is the sun in the 
opsite signs Virgo and Libra* 

These things premised, take ISj-® of the 
ecliptic in your compasses, and, beginning at 
Pisces, carry that extent all round the ecliptic, 
marking the places with a chalk where the points 
of the compasses successively fall* So you will 
have the moon's daily motion marked out for 
one complete revolution in the ecliptic ; accord- 
ing to § 2 of the last paraghiph. 

Rectify the globe for any considerable north- 
em latitude (as suppose that of London), and 
then, turning the globe round its axis, observe 
how much of the hour-circle the index has gone 
over, at the rising of each particular mark on 
the ecliptic ; and you will find that seven of the 
marks (which take in as much of the ecliptic as 
the moon goes through in a week), will all rise 
successively about Pisces and Aries, in the time 
that the index goes over two hours. Therefore, 
while the moon is in Pisces and Aries, she will 
not differ in general above two hours in her ris- 
ing for a whole week. But if you take notice of 
the marks on the opposite signs, Virgo and Li- 
J:)ra, you will find that seven of them take nine 
jhouris to rise ; which shews^ that when th^ moon 
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!s in these two signs, she differs nine hours in lect, 
her rising within the compass of a week. And '^ 
so much later as every mark is ofiising than the 
one that rose next before it, so much later wiU . 
the moon be of rising on any day than she was 
on the day befiore, in the corresponding part of 
the heavens. The marks about Cancer and Ca^ 
pricom, rise a mean difference of time between 
those, about Aries and Libra. 

Now, although the moon is in Pbces and 
Aries every month, and therefore must rise in 
those signs within the space of two hours later 
for a whole week, or only about 17 minutes 
later every day than she did on the former ; yet 
she is never full in these signs, but in our 
autumnal months, August and September, when 
the sun is in Virgo and Libra. Therefore, no 
full moon in the year will continue to rise so 
near the dme of sun-set for a week or so, as 
these two full moons do, which fall in the time 
rfharvest. 

Irr the ^^ter months, the moon is in Pisces 
and Aries about her first x{uarter ; and as these- 
^gns rise about noon in wintor, the moon's 
rismg in them passes unobserved. In the spring 
months, the moon changes in these signs, and 
consequently rises at ^he same time with the 
Sim ; so that it is impossible to see her at that 
time. In the summer montfai she is in these 
signs about her third quarter, and rises not un* 
til midnight, when h^r rising is but very little 
taken notice of ; especially as she is on the de- 
crease. But in the harvest month she is at the 
ful^, when in these ^gns, and being opposite to 
th^ sun, she rises when^the sun sets (or soon af* 
ter), anid shines all the nighf. 
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user. In southern litfandea^ Viif^D and iiisra Tise at 
°^^ . as small an^et ivith the honaxai as Ksces and 
Aries do in the ooirAeni ; and as our oucine k 
at the time of their hvrest^ k is plam meir 
liarvest fiiU moons must be in Virgo and Lihra; 
and vill thercfiare rise widi as little diffiarence of 
time as ours do in Pisces and Aries. 

For a filler account of this matter, I must re- 
fer the reader to my Astronomy, in which it h 
described at large.^ 



PROBLEM XI. 

To explain the equation iff time^ or djffh'ence of 
time between weU^regidated clods and inte 
svm^als. 

The earth's motion on its axis being perfect^ 
equable, and thereby causing an apparent equaUe 
motion .in the starry heavens round th^ same 
axis, produced to the poles of the heavens ; it is 
plain that equal pordons of the celestial equator 
pass over the meridian in equal parts of time, be- 
cause the axis of the world is perpendicular to 
the plsme of the equator* And therefore, if the 
sun kept his annuid course in the celestial equa- 
tor, >he would always revolve from the meridian 
to the meridian'^ again in 24 hours exactly, as 
!shewn by a well-regulated dock* 



■•^ 



' In a booky entitled Moxon on the Globes^ puUxshed 
about a century ago, therf! iSy if we mistake not, a metha4 
of solTing^ by means of the globey most of the probleait 
in sphericsd trigonometry. This was probd>Iy the method 
employed by the ancients in the infui^ oCactence.!«i-'£o^ 
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Bat as the sun moyes in the ecliptic, vr|iicb is i^bct. 
obKqoe both to the plane of thfe equator and , ^ 
the axis of the world, he cannot always reVolve 
from the meridian to the meridian again in 24 
equal hours; but sometimes a fittk sooner^ and 
at other times a little later, because equal por- 
tions of the ecliptic pass over the meridian in 
unequal parts of time on account of its obliqui* 
ty. And this diflFerence is the same in aH lati- 
tudes. 

To shew this by a globe, make chalk-marics 
all round die equator and ecUpdc, at equal dis- 
tances from one another (suppose 10^), beginning 
at Aries or at Libra, where diese two circles in- 
tersect each Qther» Then turn the globe romid - 
its axis, and you will see that all the marks in 
first quadrant of the eclipdc, or from the begin- 
ning of Aries to the bq;mning of Cancer, come 
sooner to the brasen meridian than thdr cort 
responding mxrka do on the equator ; those on 
the second quadrant, or from the beginning of 
Cancer to the beginning of libra^ come later : 
those in the diird quadnmt, from Libra to Cap* 
ricom, sooner; and those in the fourth, from 
Capricorn to Aiies, btter. But diose at the be« 
ginning of each quadrant come to the meridian 
at the same time widi thdr eorresponding marks 
«n the equator* 

Theretbre, while die sua is in the first and 
diird quadrants of the eclipdc, he comes sooner 
to the meridian every day than he would do if 
he kept in the delator; and consequently he 
IS frater than a wdUr^ulated dock^ which ah 
ways keeps equable or equatoreal timet and» < 
while he is in me second or fourth quadrants^ 
he comes later to the meridian every day than 
he would do if he kept in the equator ; and ta 
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therefore slower than the clock. But at the be* 
ginning of each quadrant, the sun and clock are 
equal. 

And dius, if the sun moved equally m the 
eclipdC) he' would be equal with die dock on 
four days of the year, which would have equal 
intervals of time between them. But as he 
moves faster at some times than at others (be- 
ing eight days longer in the northern half of 
the eclipdc than in the southern), this will cause 
a second inequaUty; which, combined with the 
former, arismg from the obliquity of the ecliptic 
to the equator, makes up that difference, which 
is shewn by the common equation tables to be 
between good clocks and true sun-dials. 



The description and use^qfthe armillary sphere. 

plati Whoever has seen a common armillary sphere^ 

^^» and understands how to use it, must be sensible 
'^* ** that the machine here referred to, is of a very 
different, and much more advantageous, con- 
struction. And those who have seen the curious 
glass sphere invented by Dr. Long, or the figure 
of it in his Astronomy, must know that the fur- 
niture of the terrestrial globe in this machine, 
the form of the > pedestal, and the manner of 
turning either the earthly globe, or the circles 
which surround it, are all copied from the Doc- 
tor's glass sphere ; and that the only difference 
is, a parcel of rings instead of a glass celestial 
globe ; and all the additions are a moon within 
the sphere, and a semicircle upon die pedestal. 
The arm% The exteHor parts of this machine are a com- 
hry tphtrt. pages of bras^ rings, which represent the prin- 
cipal circles of the heavens, viz.— 1 , The equinoc« 
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ijaX AA^ which is divided into 360^ (beginning lbct. 
at its intersection with the ecliptic in Aries), for i^- 
shewing the sun's right ascension in degrees; and 
also into 24 hours, for shewing bis right ascen- 
sion in time. 2, The ecliptic B B which is di- 
vided into 12 signs, and each sign into 30^, and 
also into the months and days of the year ; in 
such a manner, that, the degree or point of the 
ecliptic in which the sun is, on any given day, 
stands over that day in the circle of months. 
The tropic of Cancer C C, touching the ecliptic 
at the beginning of Cancer in e, and the tropic 
of Capricorn DDj touching the ecliptic at the 
b^inning of Capricorn in J ; fibxh 234-^ ^from 
the equinoctial circle. 4, The arctic circle £, 
and the antarctic circle jP, each 234-^ from its re- 
spective pole at N and S. 5. llie equinoctial 
colure GGj passing through the north and south 
pole of the heavens at N and Sj and through the 
equinoctial points Aries and Libra in the eclip- 
tic. 6, The solstitial colure HH^ passing 
through the poles of the heavens, and through 
the solstitial points Cancer and Capricorn, in die 
ecliptic. Each quarter of the former of these 
colures is divided into 90^, from the equinoctial 
to the poles of the world, for shewing the decli- 
nation of the sun, moon, and stars; and each 
quarter of the latter, from the ecliptic at e and 
/, to its poles b and J, for shewing the latitude 
of the stars. 

In the north pole of the ecliptic is a nut 6, to 
which is fixed one end of a quadrantal wire, and 
to the other end a small sun F, which is carried 
round the ecliptic B B^ by turning the nut : and 
in the south pole of the ecliptic is a pin at dy on 
which is another quadrantal wire, with a small 
moon Z upon it, which may be moved round by 
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IBCT. the hand ^ but there b a particular contrivance 
^^ for causing the mo6a to move in an orbtt which 
crosses the ecliptic at an angle of Sj^ in two op- 
posite points called the moon^s nodes : and also 
tor shifting these pcnnts backward in the ecliptic, 
as the Tnooris nodes shift in the heavens. 

Within these circular rings is a small terres* 
trial globe /, fixed on an axis K AT, which ex- 
tends from the north and south poles of the ^obe 
at n and x, to those of the cd^tial ^ere at N 
and S. On this axis is fixed the fiat celesta! 
meridian L Lj which may be set directly over 
the meridian of any place on the globe, and then 
turned round with the globe, so as to keq» over 
the same meridian npon it. This flat meridian 
is graduated the same way as the brass meridian 
of a common globe, and its use is much the same. 
To this globe is fitted the moveable horizon MM, 
so as to turn upon two strong wires proceeding 
from its east ai^i west points to the globe, and 
entering the globe at opposite points of its equa^ 
tor, which is a moveable brass rmg let into the 
globe in a groove all around its equator. The 
globe may be turned by hand within this ring, 
so as to place any given meridian upon it, direct- 
ly under the celestial meridian L L. The hori- 
zon is divided into 360^ all around its outermost 
edge, within which are the points of the compass, 
for shewing the amplitude of the sun and moon, 
both in degrees and points. The celestial meri*- 
dian L L passes through two notches in the north 
and south points of the horizon, as in a common 
globe : but here, if the globe be turned round, 
the horizon and meridian turn with it. At the 
south pole of the sphere is a circle 'of 24 hours, 
fixed to the rings, and on the axis is an index 
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ubid) goet round that circle^ if the globe be 
tukned fomd ks spds. 

Tbe\idide £ibric is s^ipported on a pedestal 
Jf^ and ouiy be devated or depressed upon the 
ibint O9 to anjp number of de|;ree6 irom O to 90, 
]|^ tnean»:jc^ die arc P» which is fixed in the 
sftwg brM» Mtti Q9 and sfidea in the upright 
imce^^inijst^hich.is a sorew at ft to fix it at any 
fi^eleyatipm 
I in the box Tare two wbeds (as in Dr. Long's 
^jihere) and twOiunionsy whose axes come out 
at J^and Uy either of which nmy be turned by 
ibe smaU^winch W. When the winch is put 
upoa the axis ^ and turned backward, the ter* 
MMxial globe^ mth its horixon and celestial me^ 
i^d&n, keep. at rdst; and the whole sphere of 
^le» turn roftnd from east, by aoiith, to wes^ 
carryiolg the sun Y^ and moon Z, round the 
saiiae way, and causing them to rise aboTe, and 
att below, the horizon. But when the winch is 
put upon the aids C^, and turned forward, the 
nhere with this snn and moon keep at rest } and 
tMr earth, with its horizon and meridian, turn 
found from west, by south, to east ; and bring 
the same points of the h6rizon to the sun and 
moon, to which these bodies came when the earth 
kept at rest^ and they were carried round it ; 
diewing that they rise and set in the same points 
of theborizon^ and at the same time in the hour 
circle, whether the motion be in the earth or ia 
the heavenst If the earthly globe be turned, the 
hour-index goes round its hour-circle; but if the 
sphere be turned, the hour-circle goes round be<^ 
low the index. 

And so, by ^ this construction, the machine is 
equally fitted to shew either the real motion of 
the earth, or th)S apparent motiogiof the h^veiis. 

F0I.I. Aa 
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To rectify the sphere for lise^ first ^acken the 
screw r in the upright stem J?, anid' t^ill^ hold 
of the arm Q, move it^u^ or down uBtil^hegiien 
degree of latitude ft)r an|^ place bekt tbedde of 
the stem R ; and thefi ithe aidsittf di^s^her<e ^11 
be properly el^vated^' so a$ to «tiatod^p@Mllel ^ 
die b3dd of the wwld^ if the idacM AeiftI -set ndfllt 
dtid touth by a gmalt compass-:- this dme/cdtiHti 
the latitude from the north pole^ up^'dve xfd^ 
tiklmeridian L Z, ikmn' toward»the ifohh nc^h 
df the horizon, and' set the hciriKMyh to that kfti^ 
tudi ; then, turn the nut b until the suii Fcome»: 
to tiici given day of the year in the ecl^tic,' aiMl* 
the-sun will be at its proper place fbrtbat ^j^ 
find the place of th^^ moon's asceftding nodfe, and 
adso the place of the mfOGU,' by an ^^phemieria^ 
and set them ri^ aCcordmglyf lastly, thnt'fh^ 
nHnch W^ until either the sun comes to the;me>- 
rfdian L Ly or until the meridian comes to the 
sun (according as you want the sphere or eibiii 
to move) and set the hour-index to the XH^ 
marked noon ^ and the whole machine will be rep- 
rified — Then turn the winch, and observe when 
the sun or moon rise or set in the horizon, and 
the hour-index will shew the times thereof for 
the given day. 

As those who understand the use of the globes 
will be at no loss to work many other problems 
by this sphere, it is needless to enlarge any 'fur- 
ther upon it. 
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%* The following Table of Specific Gravities has 
been collected from a variety of sources, but particular* 
Ij from the large work of Brisson, entitled, Pesanteur 
Specifrque des Corpsy and b one of the most exten* 
five (hat has yet been published. The names of the 
minerals, as given in Kirwan's Mineralogy, have, ia 
general, been adopted ; and such minerals as have 
been discovered since the publication of that work, will 
be found under the names by which they are desig- 
nated in Professor Jameson's system of Oryctogfiosy. To 
this work the Editor has also been indebted for the spe- 
cific gravities of several of the minaak. When the 
specific ^gravities of any substance, as determined by 
different Authors, seem to be at variance, the Editor has 
frequently given the different results, and prefixed the 
names of the Chemists by whom these results were ob- 
tained ; but when no name is prefixed, the numbers 
have in general been taken from the tables of Brisson. 
The substances in the table have, contrary to the usual 
practice, been disposed in an alphabetical order. This 
was deemed more convenient for the purposes of refer- 
ence, than if they had been divided into classes, or ar« 
Tanged according to the order of their densities. 
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A 

Acacia, inspissated juice ofy - 1.5153 

Acid, nitric, ------ 1.272 

muriatic, ----- 1.194; 

red acetous, - - - - - 1.025 

white acetous, - - - - 1.014 

distilled acetous, - - - 1.010 

acetic, ------ 1.0626 

sulphuric, highly concen-1 9 125 
trated, ----- j 

nitric, highly concentrated, 1 .580 

fluoric, - - r - - - 1.500 

formic, 0.9942 

phosphoric, - - - . 1.5575 

citric, 1.0345 

arsenic, ----- 1.8731 

of oranges, - - . - 1.0176 

of goosebeiries, - - - 1.0581 

— — of grapes, .... 1,0241 

Actynolite glassy, . - . - Kirwan. < 3*903 

iEther, sulphuric, - - - - 0.7396 

nitric, 0.9088 

muriatic, 0.7296 

acetic, ------ 0.8664 

Agate, oriental, - - - . . 2.5901 

onyx, ------ 2.6375 

speckled, 2.607 

— — cloudy, 8.6253 

stained, 2.63!^ 
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Agate, veined, - ----- 

Icelandic, ----- 

of Havre, - - - - «r 

JaspeCy ------ 

Herborishy - - - - 

IriseCy ----.- 

Air, atmospheric, 

Barom. 29.76 
Therraom. 32. 

Barom. 29.85 i T^v/wcipr 

Theniiom. b\-.b >^^^^^y 

Alabaster of Valencia, 

. — veined, ----- 

of Piedmont, - - - 

of Malta, - - - - 

— yellow, ----- 

" Spanish saline, - - • 

oriental white, - - - 

ditto, semittransparent, 

stained brown, - - - 

— — — of Malaga pink, - - 

of Dalias *, - - - 

Alcohol, highly rectified, - - 

commercial, 

15 parts water 1 part 

U 2 

13 3 

12 4 

II 5 

10 6 

9 7 

8 8 

7 9 

6 10 

5 11 

^ 12 

3 13 

2 14 

1 15* 



2.6661 

2.348 

2.6881 

2.6356 

2.5891 

2.5535 

0.00122 

0.0012308 

2.638 

2.691 

2.693 

2.699 

2.699 

2.713 

2.730 

2.762 

2.744 

2.8761 

2.6110 

0.8293 

0.8371 

0.8527 

0.8674 

0.8815 

0.8947 

0.9075 

0.9199 

0.9317 

0.9427 

0.9519 

0.9594 

0.9674 

0.9733 

0.9791. 

0.9852 

0.9919 



* Brisson's table contains 22 kinds of alabaster besides 
the above four. The alabaster of Dalias has the least spc- 
f ific gravity of them all, and that of Malaga the greatesU 
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Alder wood, ^ - • - Muschenbroek. 0.8000 

Aloes, hepatic, - - - - 1.3586 

— socotrine, • - - 1.3795 
Alouchi, odorifcroiis gum, 1.0G04 
Alumine, sulphate of, - - Muschenbroek. 1.7140 

«Ju.ion of, T».TS^} W"*"- {'^ 

Amber, yellow, transparent, 1.0780 

■ opaque, - - " 1.0835 

red, 1.0834 

green, . 1.0829 

. , \ 0.7800 

Ambergris, | g^OS 

Amethyst, common. See Rock Chrystal. 2.750 

Amianthus, long, ----- 0.9088 

, penetrated wit hi ^ j ^ggg 

water, -•----/ 

short, . - - . . 2.3134 

penetrated with7 2.3803 

water, -------j 

Amianthinite from Raschau, - 2.584 

■ from Bayreuth, - 2.916 

Ammoniac, ------ 0.8970 

muriate ofy - Muschenbroek* 1 .4530 

"cd solution of, TcmM?'*'}^*^"- i''""^ 
Andalusite, or Hardspar, - Hauy. 3. 165 

Anime, oriental, - - - - 1 .0284 

occidental, - - - 1.0426 

Antimony, glass of - - - 4.9464 

. in a metallic state,! f 6.624 

fused, / \6.860 

native, - - - - Klaproth. 6.720 

sulphur of • - - 4.0643 

Antimonialore, gray and foliated,Kirwan. 4.368 

^ore,gmy,radiated, J frisson. |4;5i6 

iKirwan. 4.440 

, /l^Methcrie. /3.750 

- rca, - . . -^Klaproth. \4.090 

Apple tree, - - - - Muschenbroek. 0.7930 

Aquamarine. See Beryl. 

Arcanson, ------ K0857 

Areca, inspissated juice of, - 1.4573 

Arctiaite, or Wemerite, - Dandrada. 3.606 • 
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.600 
680 

Arniotto, 0.5956 

Arragonspar, Hk'uy. S.946 

Aisenic bloom, PharmacoUte, {^j^^t. {IsS 
fused, - . - - - Bergman. 8.310 

native, '- - - .h^^- {l]j% 

tKirwan. 5.670 

{Sfiltz. r4.791 
Brisson. I 6 532 
La]Vlctherie.i5.e>00 
*'JeIleft. 1 5.753 . 
'■ ' native, orpiment, 5.452 
glass of (arsenic of I b<* 1 o pjCkAQ 

Asbestinite, Kirwan. I^^sio 

Asbestos, mountain cork, - \ Bergman. \ n qqS 

peurO J 1.2492 

trated with water, j ll .3499 

ripe, iirisson. 2.5T79 

penetrated with water, !^.69'4 

starry, .... 3.0753 

penetrated with water, 3.0808 

unripe, 2.9958 

penetrated with 7 ^ ^ 

water, 5 J.UCWJ 

Ash trunk, iVluschenbroek. 0.S45O 

Asphaltum, cohesive, ... J 9 ofiO 
compact, - -{ |;070 

Assnfcetida, 1.3275 

Aveuturine, semitransparent, . 2.6667 

opaque, - - - 2.0426 

Augite, octaedrul Basaltes, Winy. 3.^6 

Werner. 3.471 

Reiiss 3.777 

Azurestoncjor Lapis Lazuli, Brisson. 2.7675 

Kuwan. 2.896 

oriental, - - 2.7714 

of Siberia, - - 2.9454 




T«bk «/ S^p^afif ,^0tilifih 



m 



n 



■« 1 



* • ■ 

JEtaioIite, or Withmtep. t • 

* 
BaiQselpnite, or Barytes^ '^ 



f 



whitti 



- ff^J* - • - - 

-- lihomboididv : /« :- ' ' 

- Octaedral, - • -! - " 

- in Stalactitea> ;•• . « 



sulphate/jtf'^MtvfQs Kijrwafi. 



carbODateofsoatiye 



Basaltes, « • • 



KiHfto. 



B^saltasy from the GfmtB* 

Causeway, - - - w 

■ ■■ : prismatic, ftoni 

Auwgnei - .- - \ 

of St. Tubery, 



- -i i Bei]g^an. 




• f , J (••..1. Of*-* 



Baras, a juice of the pme, 

Bay tiree, SpMij«hv - • 

Bdellium, - . - i J 
Beech-wood, i - - . 
Beer, red^ ^ - - . ^ 
rrr^vhitC, -.-:.'• 

Beii90VBi, - - - .^ - ^ 
Beryl, oriental Aquama-^3 

i-;-^ occidenlal, •» - .- ' 

^ <|r Aquamarine^ ' < j^ Werner. 

schprlous^qrShodite ' Hauy. 

i a — ir ' ■ ■'• . j . " Klapiotli/ 

BezQ^ * oriental, - *• • " 
■■ • > occidental, - 



9.4215 

2.7948 

1.0441 
Mddhdltirddc; 0.8299 

I.I37T 
MtMbhenbradti 0.8SM> 

1.0338 

i:ossi 



• I 



34l«91 

\2.759 
1.1 




• ■ 



I II 1 1 I J 



, * ThU ai^itao^ u||-co«;)retu>n ginned in. t^^^^ 
4>r inUMineii of ammald and (pmpotcd qf c4ncvitnc|»}nn< 
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Bijmulb.imtire, - - "(kI^. 

BtBfDDfli, ochte, • • - &1mm. 
■ ■■ in a metallic \ 

state, fused, - - - -j 
fiitumen, oJJuden, - - , 4 

Black coal, Pitch (m»1, • WiedemaiJii. 

■■■■ ■■ BTidschowitz, \ Richter. 

— CanneT cmI, (S'Serie. 

Bkiide, yellow, - - .i^'*'"- 
(.Kinran. 

brown, foliated, J^^^"***" 

(.KirwaB. 

— bUA, - ■ - /«"•* 

[.BrissoB. 

— ami&r«us,l y ^^^^ 

fromNagyag, - - .J '"""'»«• • 
Blood, humaa, - - - . 

. cnusamen-'t 

turn of, . . . - f 

BtAes, ------ iKiiwan, 

Bone of an ox, - - . . 

Boiacite, ..... Westiumh. 
Borax, saturated stdutioD of) iir . 

Tt^.iS' - . - .}Walson. 
Bonroonite, • - - - . 
Boxwood, French^ . - - Muscheobroek. 

'■ DulcB, - - . 

Brass, common cast, - - 

wiredrawn, - . - 

cast, not hammered, 

Brazil wood, red, - - - Masc&enbroek. 
Bricii, ••-... 
Buller, 



9.(Sal 
9.570 
S.467 
6.1S1 
4.S71 
9.756 

l.lOt 
1.308 
1.250 
1.S70 
I.3il 

i.ssa 

1.93% 

lj?70 

.ou 

.018 

■4.O6T 

.770 

.048 

'3.965 

■3.9er 

3.930 
'4.166 

5.39S 

I.OSt 

i.ise 

/1. 400 

18.000 

1.650 

8.560 

•(1.010 

5.576 

0.91SO 

1.3S80 

7.8S4 

8.544 

8.396 

1. 0310 

S.OOO 

0.9M3 
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Cacao bvtter, - ' 
Cachibou, gum, 

Calamiiie, r - 
Calculas humaniiB, e 

Canipecby mod, or Iog-\ j 
wood, ------/ 

Camphor, - - . - t 
Caoutchouc, clastic gum,l 

or India rubber, - -J 
Caragna, resin of the Mex-\ 

ican tree Caragna, • / 
Carbon of compact earth, 
Caruelian, stalactite, - r 

~ speckled, - , - 

-! veined, - - 

^—-^— ooyx, . . - 
-1 pole - . - - 



Gat's^e, . . . - i Klapioth. 

gny. • - - 

vellow, - 

bhu^kisb, - - 

Calchew,juiccofaBlDdi«a? 

tree, J 

Caustic ammouiac, solu-'i 

tion of, 01 fluid volatile > 

alkali, J 

Cedar tice, American, ' Muschenbroek. 

-, wild, ... - 

Palestiw:, ... 

Indian, .... 

CeUstine, ..... KlaproUi. 

foliated, ... 

Ceylanite, .... /llauj. 
Chalcedony, bluish, . . 
' «ojl, - • 

Bb2 



0.8916 

i.oeto 

4.100 

ri.7oo 

{1.240 
l.l.43( 

0.9130 

0.9887 

0.9335 

I.IS4t 
I.339S 
g.5977 
2.6I3r 

i.ex3t 

S.68!7 
2^6301 

i.sm 

S.6133 
ti.SOO 
\2.625 
8.5675 
S.6573 
3,2593 



0.897 

0.5608 

0.5960 

0.6130 

1.3150 

3.830 

3.500 

3.765 

3.793 

2.5867 

9,6151 
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Chalcedony^ veined, - - 
. ■ transparent, 
* . . reddish, 

»mt ' ■ ■ common, JKirwan. 

^Blumenbach^ 
. . 'MoschafibrodL. 

Cb&)jc% ...«.• <Kirwan. 

' • ^ IWttson. ' 

CMtiy-trcc, - - - - ^Muschenhrock. 

Werner, , . 
CauysobcryU, , - - liQaproth. - 

iHaify. • • • 

Chrysolite of the jewcllcft, rBri$^ni' 

■ 1 ■■ ■ ofBrasil, - -| 

.. . . .... I Werner. 

.u^ - - . - LHaOy. 

Clhfjrsoprase, - - - - 

^rial. See |lock. 

linelemi, - - - ", 

— — fromAlmaden, Brisson. . 

. ^, . . : '^r':}B.i^.. 

Clhnamon, volatile oil of, 
CiltDntree, - - - - Muscheijibrock. 
(Sinkstone, - - - - - IQapi-oth. 
Cloves, volatile oil of, - 
Cobalt, in a metallic state, 
fused, ----- 

' o.^,gray,- - i^^V' 

I^Kirvrah. 
'■■ ' ochre, black, in- /^ „_. 
• dumted, . - - - .|GeUert. 

— vitreous oxide of, 

Cocoa wood, - - - - MiiscKettbroek. 

Cbfccolite, Dandrada. 

Colutnbium, - - - - Hatchet. 
Copal, opaque, - - . 

■ transparent, - - 



{ 



{ 



{ 



2.6059 
2.6640 
.6645 
.600 
2.655 
2.61^ 
2.£52 
2.315 
1^.607 
0.7150 
9.600 
3.7J0 
3.710 
9.796 
2:786 
2«692 
3.S4Q 
3.4 Id 
iA86 
2.489 
3.2SQ 



1. 100 

7.786 

6.90e 

1Q.2I8 

1.044 

0.7263 

2.575 

1. 036 

7.645 

7.811 

5.51 i 

7.721 

5.309 

2.019 

2.425 

2.4405 

ir.0403 

3.316 

5.918 

1.IS96 

1.0452 



{ 
{ 
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Copalf Madagascar, - - 1.0600 

-1 Chinese, - - . I.06Sg 

Coppn, mliw, - - .{si™*'- \f.80O 

from Siberia, Hkuj. SMM 

Huasarj, Gdkrt. 7.7S8 

Copperore, compart "'-Xarwaa. 4.IS9 
treous, --.--/ 

Cirwaii. 5.4« 



— oie fimn Lonaine, fKinraB^ 4.983 

i U M«tbisie. 4.900 

tWiedenMBn, 5.467 

pyntes, - - -j 3^.800. 4.344 

— ■ -■ 'OTejyhite, - - LaMethesie. 4.500 

gray, - - Hauy. 4.865 

__ K>liatoi,_ flo-^ Wiedemann. - 3JM0 

— «^^ ■ - -l^Kur'""' ':^,' 

Copper, aneniate, of - - ' S.549 

•jlution of, Temp. tS- . ^ **"«»• '•"<> 

drawn into wire, . 8.878 

fiised, .... 7.788 

Coppef-aand, muriate of) La Metherie. /5.750 

copper, - - - - -JHengen. \4.43I 

Cotk, Muidienbtaek. 0.2400 

f-Klapnilll. 3.7i0 

Coraadom of India, - 'iitiuy. 3.873 

(.Boaimm. S.875 

. of China, - - 3,981 

iKirwan. lo'^i 

CraaSloncotStaDrolylei^^^y^ 'JlJI 

: lH3oy. 2.333 

Cube lion ore, - - - - Boonum. 3.000 
Sfur, .-..-. may, 2.SB* 
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^ rSaussure, Jan. 
* IHennaiiii, ^ 



• - 1 



ffyanite, 

^yjfKss^wood^ Spanish^ • Muschenbroek. 



m ^ m m 



a5i7 

1.0181 
0.6MO 



Diamondoriental) colourless, 

-r— — ! rose-cdouied, 

Ownond oriental (grange- Y 
coloured^ - • - j 

n?c(dauied) 

ue-ooloured,. 

' Brazilian, - - 

i ■ yellow^ 

Otagons blood. •. - - ^ 



CTeei 
•blue 




E 

y Indian, - « • Muschenbroek. 
American, - - — — — '• 



tree, 

■ 

H - - : - - - 

tjoink^ .... Muschenbrodb 
ierald, - . - . - Werner. 
of Peru, - - Briison. 

Hauj-. 



— of BrasU, - - 

EUdase, ..... Hauy. 
Eu^orbium, * ' ' - ' 



3.5213 
3.5310 

3.5500 

3.523$ 
3.5854 
3.4444 
3.5185 
|.2(H5 



1.2090 
1.3310 

ojsm 

1.0182 

O.6710 

2.600 

2.7755 

2.723 

3.1555 

3.062 

1.1244 



Fat of beef» 

— veal, 

"—mutton, 

- hogs' 



Fdspar, fresh, - - 
■ ■ Adularia^ 



■ - Hauy. 
__ J StruTO. 
iMoreU. 
Labrador stone, \ Brisson. 

glassy, - .-.. - . 



0.9232 

0.9342 

0.9235 

0.9368 

2.438 

2.500 

2.600 

2.561 

2.6O7 

2.704 

f2.51^ 

12.58& 



{ 
{ 
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^ilbeittKe, . - - - Muschenbraek. O.fiOOO 

tir, male, 0.6509 

- iemale, ... - 0.4980 

J^isheseye.nameoraDiiiieial, 2,578S 

... , (Gdlnf. 8.581 

'^'t iBhimcnbub. S.5M 

oliw, . . - - «.«)67 

.spotted, .... ».sae7 

onj., .... S.66M 

— ofReniies, - ■ - S.653S 

o(£iii;l«i>i), - - . 2.6087 

. varieguted of Liniosin, S.S431 

wined, . . - . S.S12> 

Egyptian, ... S.564S 

bSik, .... 2.582 

Fiaor, nhite, . • ■ ■ j 155 
red, ai9I 

green, .... ai8» 

blue, .... .3.169 

violet, .... 3.178 

n (s.ioa 

Fluelspai, .... 13.S0O 



Gadolinile, .... lUny. 4.050 

Galbannm, .... 2.2120 



Galena. See Lead Glance. 
^tnKpol. ajuiceofthe 
Gamboge, - • 
Garnet, piecioua of Bo- 



f°"lKlai)n.lh. /4.O8S 

U.189 
Wemet. 4.230 

Karinei. 4.352 



— ^ volcanic, . 
24 bees. 
of Syria, . - 4.000 

' in dodecahedral > * /iaat. 

diiyital., .... J *-9^ 

f Kistner. 3.S88 

common,. . -JflTgne,. 3.B« 

Gaa, atmospheric. See Aii. 



m 



SkUr cf. ^pee^ GranHiet. 



BWon. «9.75 

Bvottt.fl9.«S 
Tfaenn.Mi 

■ ■' oxygenous, ■ ' •■ 

' '•' ' ' hydrogenous, 
■■— - c&rixfnio acid, - 



J *.(LaT9iaiier. 



Dbtj. 



- -LaToisier. 



- nitrous, - ■ . . 

— :, Barom. 29.851 

Tliefm34' J 



Kinraa. 
BfisKm. 



— amnuHiiacal, • 

;. . II. I ■ - -I . . BrisaoD' 

Tbenii.54i /K"™>r 

- TBpcnlr^ aqueonsi Dallon. 

Saussure. 



Pictet. 
Watt. 



^}Kir. 



— ^iulphutous, Bar. 29.85X 

Tlier.Mt 
■ ->■ acid sulphurous, 
— ■^ acid muriatic, - 
Giiasol, • ■ - . . Brisaon, 



Glance-coal, slaty. 



-<Kirwan. 
I^Methwie. 
Glass, white flint, - - 

crown, - - - - 

. — : — common jdal^ 

' '■ yellow plate, - - 
white or Fienchl 

chrystal, J 

■: St. Gobins, - - 

gaU, ..... 

bottle, - - - - 

— — Leith ciy3taJ> - - 



\ 



JKUprotb^l 



D.00II4S 

bMiisa 

O.0OI3OS 
0.001387 
0.001^56 
0.000099 
0.000005 
0.000133 
O.OOlS^i 
O.O0I84S. 
0.001411 

0.00I4S3 
,0/»19W 
I0.00070S 
OKIOOSM 

ojxxrrss 

0.00086* 
fOi0O08T4 
10.000923 
0.0007il 
0.00088S 
0.001886 
3.131 
0.002539 
O,0O219!i 
4.00O 

l.Jso 

liSOO 
3.300 

g.760 

S.8982 

2.4882 
2.8Mg 
2.7325 
3.I8S 
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Glas, green, • * 

» borax, - - 

■ '■ fluid, - - 

of Bohemia, 

of Cherbourgi, 

of St. Cloud, 



- animal, 
mineral. 



Gold, pure, of 24 carats,"! 
fine, fused, but not V 
hammered, - - - J 

— the same hammered, 
English standard, 92 




carats, fine, fused, but 
not hammered, - - -. 
— - guinea of George II. 

— guinea of George III. 

— Parisian standard 22 > 
camts, not hammered, 5 

— the same hammered, 

— Spanish gold coin, 

— Holland ducats, 

— trinket standard, 20 1 
carats, not hammered, J 

— the same hammered, 
Portuc^uese coin, - 
French money 2 1 ^ 



carats fused. 



} 



coined, - - 
French in the 'reigul 
of Louis XIJI, - - / 
Granite, red £e^yptian, - 
grey, Egyptian, - 

■ beautiful retl, 
— — of Girardinor, - 

— ^— violet of Gyromagny, 

■ red of Dauphiny, 
green, 

■ radiated, 

■ " ■ red of Semur, - • 
— — ^— grey of Breta^ne, 

■ yellowish, - - 
- of Carintbia^ blue) 



Vol /. 



Kirwan. 
Cc 



aSJr 

2.6429 
2.6070 
8.329 T 
2.^1950^ 
2.5596 
S.234a 
2.56i7 
2.2694 

19.258 

19.342.. 

18.888 ' 

17.15Q. 
17.629 , 

17.486 

17.589* 

17.655 

19,332t 

15.709 

i5.775 
17.0664 

17.4022 

. 7.6474 

17.5531 

2.6541 
2.7279 
2.7609 
2.7163 
2.6852 

2.6431 
2.6836 
2.6678 
2.6J8t 
2.7378 
2.6136 
2.9564 



8lS Tcble of Sped^ €hmiiies. 

Granitdle, . . - - • 

' ■ of Danpbinj, 
Graphitore, . - « • MuKer. 
Qraphite. See Plumbago. 
Grenatite. See Stauroiide. 
Gum Arabic, • - - • 
Trajacanth, • - • 
seraphic^ • • • 
cherry tree, - - - 
Bassora^ • • • • 
Acajou, . - . - 
Monbain, - - - 
Gutte, . - . • 
ammoniac^ . • • 
Gayac, - • - • 
lac, - - - - ^ 

anime d'orient, 

d'occident^ 

Gunpowder in a loose heap^ 

shaken, - - 

■ solid, - - 

Gjpsum, opaque, 



•^ com 



t^ 



ict, speci-^ 

sk^n col- V 



men in the 
lection, 

- compact) - - 

' impure, 



■ fobated, mixed 1 Ki-,,y«n 

with granular limestone, / 

- alabaster, - - Ward. 



— semitransparent, 

— fine ditto, • - 

— — — opaque, 

— rhomboidal« • 



— ditto, 10 &ce8) 

— — cuniform,chry-l 
stallised, • • • • .J 
—— — striated of France^ 

of China, 



Howered, 
- Spathic opaque, 

vemitniospamti 



S.OGid 
6.723 



1.4523 

1.3161 

1.201 

1.4817 

1.4346 

1.4456 

1.4206 

1.2216 

1.2071 

1.2289 

1.1390 

1.0284 

1.0426 

0.836 

0.932 

1.745 

2.1679 



2.939 



{ 



1.872 
S.S88 
2.473 

2.725 

1.872 

2.d062 

2.2741 

2.2042 

2.SI14 

2.31 17 

2.3060 

«.»)57 
2.30i« 

2.s?746 
2.310a 



nUe of specific Gratkia, S87 

3.900 

2.473 




H 

Hmd, - Mtucltenbroek. 0.606 

Ucavrspu:,freBh,stiaightO 4.300 

hmdlar, ---.-( 4.500 

— columned, no(| , -a-, 

above, } *-'^ 

Hcliotropimn, - - - - Kirwan. IsTOO 

Heliotropium, Blunwobach. S.6SS 
Hematilifs. ^te Iron-atonc. 

Hollow spar Chiastulitc, fi.944 

Hone, Razor white, - - S.87GS 

(rated with watfT, 5 ^'^^^ 

'■ Razor white and black, S.I371 

Honey, 1.4500 

Honeystone, « Mellilite, J {'^ 

Hornblende, common, Kirwan. la'aao 

— Schistose, - > Eirwant l^'iu 
basaltic,- .?Rcusa. H;^ 
Hk-uy. sisSQ 

_ ^ Kirwan. S.SSS 

Hornstone, or Pctroeilez, 1 f^QSS 

M iemiginoug, • SJ&13 

— ■ ■ ■ I Teined, • • ■ .9*743 
Cc0 



S8ft <[ybk of Specie ChaciHet. 

Ilomstone, ^rcj* Sec Kir- 7 
wan^s mineralogy, . j 

— blackish grer, - 

— — yellovish wuite, ' • 

■ ■ bluish, and part-1 
ly yellowish grey, - - J 

— dark purplish red? 

iron shot, - - - - tj 

■ ■■ Greenish white, "J 

' with reddish spoti firoui V 

' Lorraine, - - - - w J 
■ ^ i<. H I iron shot, brown^ 

, ish jed, outside bluish^' V 
grey inside, - - - .J 
HyBMiii^ ...-.- Kirwan. 
Hyacinth, ----- Karsten. 

■ ■■ ■ ■ ■ — - - - - • Hauy. 

'■! II . . - - Klaproth. 
■Ifypocist, - • - • • 



2.65^ 

2.744 
2.563- 

2.G26 
&6SS 

2.8JJ 

9.110 
4.000 
4.386 
r4.545 
|4.6S0 
1«S26S 



Jade, or Nephrite, white, 
green, - - - - 
olive, - - - - 
fiom the East Indies, Kirwan. 

- Brissoiu 



of Swisserland. 

combined with the*^ 
Boracic acid and Bora- > 



' cited' calx, - - 

i^aftnin^ Spanish, - 

Jasiper^ veined, - 

■■' " ' ■ ■ * red, - - 
■ ' ■ brown, 

^■ " ■ yellow, • 

■> violet, - - 

—-.grey, . - 

cloudy, - 

greeuji - • 







MuschejobroeL 



• «. 



v». 



2.95<B 
2.9660 

2.977 
13.310 
\S.S89 

2.566 

0.7700 
2.6955 
2.6612 
2.6911 
2.7101 
2.7111 
2.7640 
2.7SM 



* > # 



k 
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Jasper, bright green, - 2.3587 

deep green, - - 2.6258 

brownish green, - 2.68 14r 

blackish, - - - 2.6719 

blood coloured, - 2.6^7 

heliotrope, - r - 2.6330 

onj^x, .... 2.8160 

flowered, red and white, 2.6228 

red and jnello w, 2. 7500 

green and yellow, 2.6839 

red, green, and 1 g 7323 

red, green, andl g y^gg 

yeUow, - - j 

universal, - - - - 2.5630 

agate, 2.6608 



Jet, a bituminous substance, 1.2590 

Indigo, 0.7690 

penetrated w ith w ater, 1 .0095 

Inspissated juicx?of liquorice, 1 .7228 

Iridium, orcof, discovered | ^y^iiaston. 19.500 

by Mr. lennant, - J 

Iron, chromate of, from 7 ^ 0326 

the department of V^ir, $ 
— — from the*! 

Ouralian mountains, in V Lauguier. 4.0579 

Siberia, - - - - -J 

- sulphate of, saturated? ^^^„ , j^^ 

solution, iemp. 42-3 



mered, 



fused, but not ham- 7 „ onrx 

red, 5 ^-^^ 



forged into bars, - jJ-^OO 

pyrites, dodccahedral, Hatchet. 4. 830 

. from Freyberg, Gcilert. 4.682 

Cornwall, Kirwan. 4.789 



cubic, - - Brisson. 4.702 

— radiated, -J Hatchet. { J;l^^| 

— sand, Magnetic sand, 7 ^^ 

from Virgima, - - - 5 -^-wv 

Ci 793 

ore specular, • • . Kirwan. 15139 



f 



I 



I 

v 



»» TdUtt of Spet^ Gradtie$. 

Iron oie specular, • - Brisson. /4.939 

r-- micaceous, - Kirwan. 1*0^ 

Ironstone, red, ochrey, Wiedemaan* 2.932 
compact, Kirwan. 3.423 

Siberia, - - - ^TJKirwan. 3.760 

Lanca^ | Brisson. 3.573 



shire, - , - - - J Wiedemann* 3.863 

*■ compact, brown, 7 «-. ^ ^^^ 

fromJBayreuth, . - 'JKirwan. 3.551 

Tyrol, Kirwan. 3.753 

cubic, Brisson. J 3.503 

red hematites, - Kirwan. 6.00S 

— Gellert. 4.74O 

brown hematites, Kirwan. 3.951 

Gclkrt 3.789 

Wiedemann. 4.029 



reous. 



!P*7^»."?*-} Kirwan. ||;|}J 

' — — - Brisson. 3.672 

decomposed, Kirwan. f 3.300 

13.600 

black, compact, Wiedemann. 4.076 

clay Reddle, Brisson. 3.139 

; — Blumenbach. 3.931 

clay lenticular, Kirwan. 2.673 

clay? common! 

from Cathiua at Ras- ^Kirwan* 2.936 
chau, - - • - - 

Ros- 



common m Ireland, ^B«<l«^n«n- 3.471 

ron in Scotland, ^"J Ro^^eram. j|-205 

■ clay, reniform 7 \ir. 1 ^^^m 

iron ore, - - - . | Wiedemann. 2.574 

clay, pea ore, Molinghof. 5.207 

Iron ore, lowland, froml tj-. ^.^mm 

Sprott^u, . - . - jKyrwan. 2.944 

Isenne, a mineral from the 7 - ^^^ 

Isre in Bohemia, • - j 4.500 




Table of Specific Graviiies* 
- • - Muschenbroek. 



Juniper tree, • 

ivory, dry, - - - - 

Ivy gum, from the bedera") 

terrestris^ - - - • J 



391 

0.5560 
1.8250 



K 



Keffekil, or Meerschaum, Klaprotb. 
Kinkina, ..... MuschenlHX)ek. 



l.GOOO 
0.7840 



Labdanum, Resin, - 

in tortisj - • 

Lapis nephriticus, • . 

— haematites, - - - 

— judaicos, - - - 

— manati, - - - - 
■ hepaticus, - • - 

obsidianus, - - - 

lazuli. See A2ure stone. 

Lard, -...-• 

Lavender, volatile oil of, 

Lead glance, or Galena,? r^ig-j. 



common. 



shire, 



?°^^/-} Wabon. 
' compact, - Gellert. 



Kirwan* 



% w 



chiystallized) Brisson. 
' radiated, La Metlierk. 
' from the Hartz, Kirwan. 
Kautenbacb) Vauquelia. 
Kirschwalder, 



ore, corneous, • • Chenerix. 

reniform, - • Biodheim. 

— of black lead, - 

— 'blue, - • • Gellert. 



I.18GS 

8.493S 

2.89ft 

4.360 

8.500 

2.270 

2.666 

2.84:8 

0.9478 
0.894 

7.290 

6.565 
7.78S 
6.886 
7.444 
4.319 
5.052 
7.587 
5.500 
7.448 
6.140 
6.890 
G.(m 
3.990 
6.746 
6.461 



f 



,1 

■9 
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Lead ore brown, - - - Wiedemaan. 6.974 

"iiiei^tTT-^!" ""-} Klaproth. 6.60O 

Hauy. 6.909 

black, . . GeUert. 5.770 

^hTll^.''*'"^ from Wl Cheuevix. 7.236 
Hauy. 6.559 

-^;^.'£E!3r'} "•■»>"• «•»«> 

■ Zsclioppau, Klaproth. 6.270 

Breisgaw, Winy. 6.941 

Lead ore red; or red lead spar, Bindbeim. 5.730 
-— — ^— — — — Brissofl. 6.027 
yellow, molybde- 1 g Qgg 

nated, ----- J 

Lead, Brisson. 11.352 

- GeUert. 11.445 

-— — acetite of, - - - Muschenbroek. 2,o^)53 

vitriol from Anglesea, Klaproth. 6.300 

Lemon tree, - - . - Muscheabroelu 0.7033 

lenticular ore (arseniate of 1 ^^ g.ggS 

copper), / 

Lepidolite, Lilalite, - - KJaprolh. 2.816 
Hauy. 2.854 

Leuzite, ------ Klaproth, < 2 490 

■ ' Karsten. 2.461 

. ^ Kirwan. 2.464 

■ Brisson. 2«468 

Lignum vit£B, . - - - Muschenbroek. 1.3330 

1 i 4r f 1.3864 

Limestone compact, - ,, <q ygog 

foliated, - - 2^710 

. .- 2.837 

granular, - - 2.700 

• 2.800 

green, - - - 3.182 

■■ arenaceous, - 2.742 

■ white fluor, - 3. 1 56 

— ^ calc. spar, - - 2.700 

Linden, wood, . . * . Muschenbroek. O.G04i 

3 
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Losrwood, or Campechy \^ jyj^g^^^^b^^^ 9,30 
wood, - - - 



M s ■ 



M 

Madder root, ... - Mnicbenbroek. 0.7650 

Mahogany, ----- 1.0630 

Magnesia, ----- Kirwan. 2.3300 
■ sulphate of, sa-"^ 

turated solution. Temp. > Watson. * 1.S32 

42« .-...- J 

Mairnetic pyrites, - • - Hatchet. 4.518 

^ ' r4.20Q 

uonstone, - \4.939 

Malachite, - - - . Brisson. 3.572 

— — — compact, - Brisson. . 3.641 

m Muschenbroek. 3.994 



«— 



Manganese, - ■ . . Beigpian. 6.850 
.... Hiilm. 7.000 

756 



^S^IT-*^""-''}*^- -{t: 



grey,fo- 



Rinmann. ^ 4.181 

Hagen. 4.143 

liated, - .---: .j^'^' , 3.742 

l^k7T":^'r.}Kirwan. 13.233 

bWk - . Dolbaiien /2.0000 

biacK, uoiomiea. \3.000O 

• - - Brisson. 3.7076 

penctrat-\ 3.9039 



ed with water, - • / 

scaljs, -:.-->.. 4.1165 



Maple wood, . - - Muschenbroek. 0.7550 

Marble*, Pyrenean, - 2.726 

' ' black Biscay an, 2.695. 

Brocatelle, - - 2.650 

* Brisson's table contaJMi the density of 146 different 
kinds of marble : Of these the specific gra? ity of the marble 
of Florence is the least, and that of tEe Italian violet marble 
the greatest. 

Fbl. L D d 



Sd4t 



TtJ)k€^Sp€d^ Gytniiiefs 



Marble Casiilian, - * 

Valencian, - - 

Grenadian, white, 

Siennian, - 

Roman yiolet^ - 

^ Airicaiii - - 

Italian, Twlet, - 

■ Norw^ian, 
' Siberian, - - 

French, - - - 

■ ■ Swisserland, - 
Egyptian, green, 
yellow of Flofence, 



JVkstic, 



tree, - - - - Muschenbroek. 



Medktf tree, 
Meerschaum. SeeKeflekiL 
Melantte, or Mack garnet, Karsten. 
— .... - Wemcn 

Mellllke. See Honcystone. 
Menaeiiianite, - r - * Gregor* ^ 

' . • . • Lampadius. 

Mercurial hepatic ore j com»l [Qr«jm^ 
pact, ----•/ 

GeUett. 

Mercury at 32° of heat, - 

at 60° - . - 

at 212, - - - 

Mercury in a solid state,"! 

40O below Fahr - I ^^^,, 

■ in a fluid state, f 

47° above 0, - - -i 
corrosive muriateY 

of, saturated solution, > Watson. 

Temp; 42* ... J 
I " ' ' ■ ■' natural calx of, 
■ precipitate per se, 

red. 



mineralized by^ 

sulphur, native £tlii«> Habn. 
ops. SeealsoCinnabar,J . 



a«7Qa 

S.710 
2.705 
8.678 
2.755 
2.708 
9.8S» 
t.T» 
».78» 
2'.G49 
».7M 

a^.ssi 

1.0742 
0.8490 
Oi9446 

9.6§t 

4.4S7 

4.S70 

/7.1W 

X7.3Sr 

7.§3T 

13.619 

13J^ 

13.375 




1.037 

9.S30 

10;87! 

8.39§ 

9.2S3 



* The accuracy of Mr. Biddle'a experimenU has been 
quettioned by aome foreign chemists. 



V 
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Mi€a» or glimmer, • - .Brison* 

__-.._ • • Blumeaineb. 

Milk woman's, 

mare's, - - - 

ass's, . - - - 

goat's^ - . * - 

ewe's, - - - . 



t-.*i 



•^ cow 8, - - - - 

MiBeial from Copiwali^*^ 

supposed to be zeolite \ Gregov. 

atAS^Fahr. - - *./ 
MSneral pitch, clastic, or 1 o.^i... 

aspJialtum, • • - J "»^^e^- 
— — — * La JVfoAeriei 

■ . - JotdMii 

Mineral tallow, - - - . 
Molybdena in a metalUcV, 

state^ saturated with > 

water, - • - - J 

native, - - Brisson* 

— — — — ^ - * Kirwan. 

' - • Schumacher* 
■ * JiLarBtsiw 



»**"^^«» 



Mountain chrystal. Se^\ 

Rock chrystal. J 

MaUberry tree, Spanish, - Mutcbenbcoeb^^ 
Moxicalcite chrystdlized,! 

car Rhomb spar, - • J 
Myrrh, 



3SS 
&791 

1 QO£kQ 
r»\/AAnJ 

1.0346 
1.0866 
UI941 
1.M09 

1 O^OJL 

0.770 

7.500 

4.7385 

4.048 

4.667 



0.8990 

£.480 

1.3600 



N 



Nkphtha, 

Nqphrite. See Jade. 

Nk^d ia a metallic state, 



copper, 



<mm 



Bergmaii. 
BtisscMi* 



Gellcit. 



Dd2 



0^7fi 

{7.421 
8.5QQ 
9..33S3 
(6.6086 
l4UM81 
7.660 



\ 
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Nidsdy ore of, called Kup- \ ^ ,w ^ 

femickel of Saxe, - f "'*** 

femickel of Bohemia, / **•"" 

sulphurated, - 6.620 



Nickeline, a metal disco-*) « ^e 

wred by Richter, cast, VRichtar. °** 

forged, J 8.60 

Nigrin^orralcareo-silioo-Ty^^^^y^^ 8.700 
ous Titanic ore, - - / ' ^ 

Klaproth. 4.445 

^ ■ LowitE. 4.673 

Nitre, Muschenbroeis:* 1.9000 

quadrangular, - - » ■ 2«2iG0 

--^hiratedsolutiouof,\^,^j3^, '095 

Novaculite, or TurkejrT. 
hone. S€€ Slate, whet, J 



O 

Oak,60yearsold,heartof, Muschenbroek. 1.1700 
Obsidian,or Icelandic agate. 1 

Ses Lapis Obsidianus. j 

Octahedrite, - - - - Hauy. 3.867 

Oil of Filberts, - - - 0.916 

walnut, . - - 0.9287 

hemp-seed, - - 0.9258 



-. poppies, - - - 0.9238 

- rape-seed, -^ - 0.9i9S 

- lint-seed, - - - 0.9403 

- poppy-seed, - - 0.929 

- whale, - - - . 0.9233 

- Ben, a tree in Arabia, 0.9119 

- Beechmast, - - 0.9176 

- codfish, - - - 0.9SS3 

- olives, - - - 0.9153 

- almonds, sweet, - 0.9170 



0.8982 



— y(datile of mint, com-1 
mon, J 

— volatile of sage, - 0.9016 
thyme, - 0.9023 
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Oil, Vdatile of loseman, 0.9057 

calamint, - 0.9116 

cocUearia, 0.94S7 

vonnwood, 0.9073 

tansv, - - 0.93S8 

Str^an, - 0.9949 

Komaa caO 0.8943 

momuc, / 

sabine, - - 0.9294 

fennel, - . 0.9S94 

fcnnel-sced, 1.0083 

coriander-seed, 0.8655 

caraway-seed, 0.9049 

dill-seed, • 0.9138 

ani«8e«I, - 0.9867 

juniper seed, 0.8577 

cloves, - - 1.0303 

cinnamon, - 1.0439 

turpenline, - 0.8697 

anibcr, ■ ■ 0.8865 

the flowers of) ^ g^gg 
orange, - - - - -J 

lavendCT, - 0.8938 

hysop, - - 0.H89S 

OlibaDum, gum, - - 1.1732 

Olive tree, - . - . Musclienbroek. 0.9270 

copper ore foliated, 1 d _ . ooi 

^ .— fibrous, } Boumon. 4.281 

Olivine, Werner. 3.2S6 

Klaproth. ,3.265 

Opal precious, - - - Blumenbacb. 2.114 
— --coinnion, - - - \in„™„.u / 1.958 
. . . ]• Klaproth. ^gQj5 

. - - Kirwan. 2.144 

semiopal, reddishl jr, ,. a K*n 

from Tdkotanja, - )^VA. 2.M0 

— ligiiiform, or wood, 2.600 

Opium, 1.3365 

Ophites. See Porphyry 7 
Hornblende. J 

Opoponax, - . . . 1.6226 
Orange tree, - . - . Muschenbroek. 0.7050 
Dd3 



\ 



Orpiment, - - - - . Bergmam. SSli 

Kirtran. 



Orpiment red. See Real- 
gar. 



^^1^«Tt©W 



V 



fetLTttce^ Mutcheittoaek. ^-6^ 

tVaffk, oriental, ... 

Peat^ hard) . • ^ • 

jmcravianbark, - . - A7840 

l^twJ, -•.-.. iU«8S 

Fetnwflex. S^Homstone. 

Phosphorite, or Sjoar^l"! 

8tom,whitish frqin Spain, > .« S«8S49 

before absorbing water, J 

after absorbing 1 2 8648 

water, . . . • - j 

< greenish fromv g.^gg 

l^pam, - • ^ - - f 

— — Saxon, - - 5.S18 

Phospiiorus, - - - - 1.714 

Pierre de volvic, - - - 2.S90 

Finite, - Kiruan. 2.980 

— ^ Hauy. 6.&W 

Kiaproth. 7.500 

Pitch-stone, Uack, * - tirisiion. 8.0490 

. yellow, - 2.0860 

— red, . - 8-6a96 

_-_. brid., m,j Ki^o,. 8.720 

leek, green,! gggg 

inclining to olive, - -J 

— — — pearl grey, - ■ ■ ■ 1.970 
blackish, - Brisson. 2.3191 

olive, . . 2.^145 

— dark green, 2.3149 

Pitchy, iron ore, - - 3.956 



TMt i>f ^p^pc €lraekk$. 



Etatijia drawn into wire, 
— a wedge of, sent by* 

Admiral Gravina to Mr. 

Kirwan, - - . - ^ 
-;a bar of, sent hy\ 

the K. of Spain to the V 

K. of Poland, - - -J 
■ ■ inyrainspurifiedby I 

boiling in nitrous acid, J 

native, - - - 



■II ■ fused, - - - 

" ■■ ■■ purified and forg-\ 

rf, / 

■ ■ ■ compressed by al 
flattiiig mill, • • - 3 
FLumb tree, - - - - 

Plumbago, or Graphite, - 

Pomegranate tree, - - 
Poplar wood, • • • - 

■ white Spanish, 

PiTcelain from China, • 

— — Seves, hard, 

-tender, 



Muscbenbrod:. 
Kirwan. 

■ 

Muschenbroek. 



dern. 



-Saxoiiy,mo- 



Limoges, - 



I 



— of VieoBa, - 



Saxony 



»iiy,caiH-7 

> - - 5 



ed Petit JaunCi 
Poiphjrry green, - 
— — — — red, - - . - 
— — — red ofDauphiny , 
red from Cor-\ 

do?a, / 



599 
SI .0417 

30.663 

«).722 

17.500 
18.500 
15.601 
17.200 
14.626 

20.330 
22.069 



{ 



0.7S50 

1.987 

2.267 

1.3M0 

0.d8W 

0.51^94 

2.3847 

2.1457 

2.1654 

$.4932 

2.^1 
2.5121 

2.5450 

2.6760 
2.7651 
2.7933 

2.7542 



* BriMon has giTcn the nccific jntitgr of 11 other 
kind* of porcelain ; but of all- thctc «he ^esnty -of the 
hard porcelain of Seres is the least, «nd that of ScMfiy 
the greatest. 
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Porphyry green from ditto, 2/I9!7% 

— - hornblende, orT 2.9722 

ophites, - - -. - -J 

■ itch-stone, - ' 2.452 

.11 y 2.600 

sand-stone, - 2.564 



Potash, carbonate of, - 1.4594 

muriate of, - - Muschenbroek. 1.8365 

— tartrite of acidu-l ^^^ 

lous, ----- J 

antimonial, 2.2460 



. sulphate of, - - 2.2980 

Prasium, 2.5805 

Prehnite of the Cape, - Hauy. 2.697 
- Brisson. 2.9423 



of France, - - Hauy. 2.610 

Proof spirit, according to\ 916 

the English excise laws, j 

Pumice stone, - • - 0.9145 

Pyrites coppery, - - . 4.95S9 

-^ cubical, • 4.7016 

— ferruginous cubic, S.900 

— ditto round, - - 4.101 
ditto o£ St, Do-\ Q ,14/1 

mingo, • - - - -J 
Magnetic. See 



Magnetic Pyrites. J 

Pyrope, Kkiproth* 3.718 

Werner. 3.941 



Q 

Quartz ctarystallized,\ ^ ^^^^ 

brown, red, - - - / ^.MO^ 

brittle, ... 2.6404 

graSf . - - . 2.6459 

chrystallized, • 2.6546 

- 9AH7 

•*- milky, - - - 2.(i62 

elastic, - - - Gerhard. 3.760 
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Quartz elastic, - - - Kirwan. 2.6240 

Qamoetice, ... - Muschenbroek. 0,70§0 



R 

Realgar, or red orpiment, Bergman. 3.225 

■ ■ Brissoi^. 3.338 

Resin, or Guiacutn, - - 1.2289 

6f Jalap, ... 1.2185 

Rock, or Mountain clirys-l o QggQ 
tol from Madagascar, - j 

' ■ clove brown, - Karsten. 2.605 - 

' snow white from 1 . - g ggg 

Marmerosch, - . - 3 - 

chrystal, European! 2 6548 
pure, gelatinous, - -/ 

-ofBrasil, - 2.6696 

— irisce, - 2.649T 

— rosecoloured, - 2.6T01 

yellow Bohe-I . . g g^^g 

mian, j 

blue, - . * 2.5813 

methyst, - - . . r 

— . ^ — violet purple,*! 

or Carthaginian Amc-V 2.6570 

thyst, J 

pale violet, 1 orf;i« 

white Amethyst, - • / • ^ODi^ 

brown, - -• 2.6534 

black, - 2.6536 

Roucou, .... - 0.5956 

I penetrated withi , , . ^^ 

water, - . - - - j 

Ruby oriental, ... 4.283S 

Brazilian, or occidental, 3. 53 II 

SpineU, .... 3.7600 

-— .... Klaproth. 3.5700 

-Ballas, .... 3.6458 

Rutile, or Titanite, - . Hauy. 4.102 

— — - . Klaproth. 4.180 

•A Metheric. 4.246 



Met 
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SahUte, 

Salt of vitriol, - - - 
— . sedative of Homberg, 
— PolychrestCf - - 

de PruneUey - - 

-«^ volatile of haitshorn, 
Sandanic, - - - - - 
Santal, white, - - - 
I yellow, • - - 
■ red, - - - - 

Sapagenum, - • " • 
Sapjmiie, oriental white, 
— — — of Puys, - • 
■ oriental, - - 



Dandrada. 



Muschenbiodc. 



ddental 



Brazilian, oroc J 

- - - Wcirncr. 



I I . ^ . - - Hauj. 

.__— - . - - ./Ha^cli^* 

*\Grcvillc. 

■ • . » - . • Bournon. 

SarcocoUa, . - • . 

Sardonyx pure, • • . Brisson. 

■■ ■ ■ pale, - ^ • ■ ■ ■ 

■ pointed, - - ■ 

■ ■■ veined, * - ■ 
onyx, ... 

■ ' ■ ' hcrborisee, - 

■ I. ■ ■ ■ blackish, - - ■ 

Sassafras, - - - - « Moscheubroek. 
Scammony, of Aleppo, 

■ Smyrna, ♦ 

Scapolite, Dandrada. 

Schistus. See Slate, Hone, 
Stone. 



S.2M 

1.9000 

1A797 

t.I4I0 

2.1480 

1.47<» 

1.0990 

IjMM) 

l.lfUO 
1.9008 

3.1307 

4.1S0 

4.S83 
14.000 
14.08J 

{3.907 
4.161 
1.9684 
9JeOS5 

t.wm 

8.6816 
S.5d51 
0.5949 
8.5988 
S.6884 
0.4880 
1.8354 
1.8743 
3.6800 
3.7000 



{ 



raUe ojr Bfoi/k Cnnjlja. 



8cIimelB(ein( - - - - 

Schorl, black, prismatic, 

liesiilifdrat - - - - 

octahedral 


r 


_ black, spariy, ■- 

amorphoBB, 

or ancient biisiltes, - 

cruciform, ■• - 

V ioirt olDmiphinyi 

green, - - - 


Brisson. 
Gerbaid. 
Kirvrni. 
Briaun, 
HSny. 

Wemei. 






fT"' 





Selenile, or broad liiliat«] "^ 
gj\»lllii, . . - - i 

Ser^Tttiiie, opaque,^rcen,9 
Italian, - . - - -^ 

penetral- T 

ed with water, - - - 1 
- ditto red anA\ 



tlack veined, 
— ditto veined,^ 

blacli and olive, 
semi-transparentl 

grained, - - - - 

ditto fitjrous, - 

ditto Irom I>iu-^ 

pbiny, . . - - - t 
itiue, Epotted') 



opaque, spotti 

black antfwtiite, • 

spotted^ 

black and grey, - " J 
- spotted^ 



red and yellow. 



from Grenada, - 



deep! 



green from Grenada, 



«3 

S.690 
3.363a 

s.e»m 
SMse 



3.»« 
S.«8G 

s.ses 

S.IW 
S.J55 

S.3S3 
S.4295 
2.47a 
2.6873 

2.5859 
2.9997 
2.6693 

2.37IS7 

2.2645 

.2.6885 

2.6849 

3.7097 
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Serpentin , black from ) 
Dauphiny, or variolite, j 

*- green from Dauphinj, 

— — — green, - - . 
— — yellow, - - 
■ violet, - - - 

ofDauphiny, 



Siderocalcite, or brown spar, 
Silver ore sulphurated, - Brisson. 



•Bi 



— — - brittle, 
red, - - - 
light red, - 



— sooty, - - 

native, common, - Gellert. 



LaMetherie. 

GeUert. 

Brisson. 

Brisson. 

GeJlert. 

Vauquelin. ^ 



- Selb. 
antimonial, Hauy. 
Selb. 



auriferous, 

ore, dark red, 



Kirwan. 

Gdlert. 

Brisson. 



arsenicated, fer-7 

ruginous, - . - - J 

pene-1 

t rated with water, - y 
-—ore, corneous, otlg^^^j^ 
horn ore, - - - - J 
GeUert. 



virgin, 12 de 



leniersjl 
fine, ncrt hammered, -j 

do. hfiiT] 1 Lierc d , 

Parisstaiidiinl, 1 1 7 

dcniers, 10*>Tai'\<, t»^^ed,j 

. hanim^ red , 

■ shilling ot'tieorire II, 
sYiiilins; of (t*'Oiy:i (II, 



Frenr.il monc\\ K^"^ 

deniers, 21 i^rains, fused. 5 

coined, 



Sinople, coarse j.^tiper. 
Slate clay . Sr^- Argil i i(e. 
comm«ni.» - - - 



2.9SS9 

2.9883 
2.8960 
2.7305 
2.6424 
9.7913 
2.837 
6.910 
7.200 
7.208 
5.564 
5.5886 
5.443 
5.592 
10.000 
10.333 
9.4406 
10.000 
10.600 
5.684 
5.5637 

2.178 
2.340 

4.7488 

4.804 

10.474 

10.610 

10.175 

10.37ft 
10.000 
10.634 

10.048 

10.408 

2.0913 

ii.ii'lS 
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Slate, 01 >Scbistus,c(MiimoD, S.6718 

traledwith«Ucr,'T*| 2,6905 

Whet,orNovaculite\Kirwan. |-^ 

Isabella, yellow, Kirwan. S.955 

slonc, - - - - S.1861 

fresh polished, - - 2.7664 

^-adbcsive, - - • KUprotb. 2.080 

new, ... - g.853S 

siliceous, . - - Kirwan. - 12^ 

horn, or Schiatoee7 w..„,„ /2.512 

porphry, .... J Kirwan. ^^^^ 
SmaltjOiblucglassofCobalt, S.440 
Soda, Eulphalc of, - - MuBcIniibroeJc. 9.2460 
muriate of, - - - 2.1250 

ftssU, - . 2.1430 

saturated so- 7 \»r i > aj-. ' 

lalion of, Temp. 4S-, .J ^"^^ ^-^^ 

Semmite, or Ne^elioe, Itiay. 3.2474 

Spar, common, - . - J o wq' 

heavy, ... - 4.430 

brown. See Sidero- 1 

Calcile. J 

— Rhomb. See Muicailcite. 

while sparkling, - S.5946 

red ditto, - , • 2.4378 

green ditto, - - 2.704S 

blue ditto, - - . 8.6925 

green and white do. 3.1051 

— — transparent ditto, - 3.5644 

— adamantine, or diamond, 3.873 
Schiller. See Hom-l 

blende Labrador. J 

fliior, white, . - 3.1555 

red,orlidacruby, 3.1911 
' orfahedral, 3. 1815 



406 r<iMe afSfialtt OnKtici. 
Spaifltaoryellow, or&betopas^ 3.066} 
-green, orlahej 3.I8IT 

emerald, - - - - j 

octahedral, 3.1838 

. blue, or fiilseT" 

sapphire, " ' ' 5 
- greenish blue, or I 



Fmucr, 



T-l 



3.1688 



Use aquamarine. - 

violpt, purple, 3.1857 

Kiifjlish, - - S.r795 

— ■■■ - of Auvcrgnc, - 3L004& 

- in stalactites, •• "^'" 



-pearlal, - - - 2^8378 

— calciir€ousrhomix)i(lal, 9.71U 



8.7146 
prfannatic, ~ 9.7182 



pyramidal, • - } - *'^"* 

-pyramidal, - S.7141 



(puantgru), . S.71SI: 

(puant ihht), S.6S07 

or flos fari, 9.6747 

Spai^-Blone- &ePiiosporite. 

Sprnnactii, - - - - S.9433 

SpiiicUe, Waprotb. 3.67© 

WkdoBanit. 3.700 

Spiritofwine. S«AlcohoI, 

Spodumf^nc, - - - . fUay. S.lSfl 

- - - - Dandradi. 3.8*» 

Stalactite transparent, ■ S.SS89 

opiiqiic, - - 2.4783 

__j_-p.ne.,...-^ S.M6* 

BtMiroJite. Sf« Cross-stone. 

Stmtrotite, or Grenatitc, - i£^y. 3.986 

Steatites of Bareight, - 2.6)49 

tmfeil wilU water, - -J" 2.6657 

■'■ ' ' ■ indurated - - 3.583* 

ed with water, - ™Ij S.63S2 
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Sieri, soft, - - - - - 
hammered, - - - 
hardened in water, - 
hammered and thenl 
hardened in water, - J 
St John's wort, inspissatO 
ed juice of, - - - -J 

SUontian, . - - - - Kirwan. 

Klaproth. 

Stone, sand, paving, - 
■ I grind, - - 

cuders, - - 



: FountainUean, 

glittering, - • - • . 

chiyS" 



tallizcd, - 

— ■ scythe of Au-' 

yergne, mean grained, 

• fine' 

grained, - - - 



coarse 



grained, 



Lorraine, 
Liege, - 
Mill, - 



Bristol, - 
Burford, - - - 
Portland, - - - 
Rag, - - - . 
rotten, - - - - 
St. Cloud, - - - 
St. Maur, • • - 
Notre Dame, - - 
Clicardfrom Brachet^ 
« Ouchain, 



9^ 



rockof Chatillon, • 
hard paving, • • 
Siberian blue, • • 
touch, - - - - 
prismatic Basaltes, - 
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7.8331 
7.840( 
7.8163 

7.8180 



{ 



3.40O 

3.644 

3.675 

9.4158 

S.14S9 

S.11I3 

S.5616 
2.6111 
2.5638 
2.6090 

2.5686 

2.5298 

2.6366 

2.4835 

2.51Q 

2.049 

2.496 

2.470 

1.981 

2.201 

2.034 

2.378 

2.357 

2.274 

2.122 

2.460 

2.915 

2.415 

2.722 



408 



Tabte of Spedjic GtatUies. 



StoncoftheauarryofBoure, 

■ * of Cherence, - - 

Storax, ------ 

Sugar, white, . - - - Muschenbroek* 
Sulphur, native, - - - * 

fused, ' • 



•iMWMrita 



Sulphuric, or yitriolicacid. 
Sulphurate, triple, of lead? ^^^^^ 

antimony and copper, - 3 
Sjlvanite, or Tellunte, in"^ 

a metallic state, twice V 

fused, ----- J 
Sylvan, native, - - - Jacquiti, jun. 



ore, yellow, - - Mu 



Sjringa, 



Ml 

Klaproth. 
Ber. 



black, - - Jacquin, juir. 



Mul 
Muschenbrodt. 



9A682 
1.1098 
1.6060 
9.0332 
1.9907 
1.841 

5.766 



6.343 

4.107 
5.723 
6.115 
10.678 
6.157 
8.919 
1.0989 



T 

Tacamahaca, resin, - - J.046S 

Talc, black crayon, - - 2.080 

. ditto German, - - 2.246 

yellow, - . - - 2.655 

white, - - - - 2.704 

of .mercury, - - 2.7917 

black, - - - - 2.9004 

earthy, - - - - 5i.63S5 

common Venetian, - 4 g qqq 

Tallow, 0.9419 

Tantalite, Erkeberg. 7.953 

Tartar, ------ Muschenbroek. 1.8490 

Terra Japonica, - - - 1.3980 

♦ Brisson's tabic contains the specific gravity of 44 
different kinds of stone for building, of which the density 
of the stone of Bourc is the least, and that of the stone 
of Cherence the greatest. 



\ 



TaliU oj Specie Gremlin. 

tliumcretone, - - - - Hauy. 

.... Gerhardi 

, .... Kirwan. 

Tin, pure from Cornwall,! w^igQ,,; 

fium], ----- J 
. fused? 

and tiamiiuircrl, - - J 
- — of Malacca, i'uscil, - 
fused and 1 

liainmcnal, . - - -j 
-^ — ofGallicia, - - Oellert 
of Ebrenfrieiicnsdorfi Q^jig^ 

in Saxony, - - - -/ 
pyrites, . . - - Klaprodi. 

.... La Metherie. 

stone, -.-'.- ReUert. 

■ . - • . - Brunifb, 

----- Leysser. 

black, - • - BrusBon. 

- - - - ' Klapntll. 

*— ^^ fibrous, - - Werner. 

..^j 1 ■ - . Brutucb- 

— - - Blumenbach. 

new, fused, - - * 

. fused and bam- 7 

met«d, - ... - J 

fine, fused, - - - 

-^ ■' — fused and bam- 7 

mered, . . - - J 
J — common, - • » - 

called Oaiie-eloffe, - 

- — ore, Cornish, » - • Brurirch. 

- - Klaprotb. . 

■ — stone, white, - • •• . . 
Titanite. See Rutile. . 
Topaz, oriental, - - - 
Brazilian, ... 

from Saxony, - 

Fd.J. Ff 
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(S.ilS 
13.300 

3.saa 

3.S0«i 

r7.170 

{7.891 
7.299 
7.296 
7.S06 
7.063 
7.271 

4.350 
4.785 
f6.300 
16.989 
6.750 
6.880 
C.901 
6.9348 
(5.845 
16.970 
7.000 
5.800 
6.450 
7.S0J3 
7.3115 
7.4789 
7.5194 

7.9S0O 
8.4869 
5.800 
6.450 
6.008 

4.010S 
3.5365 
3.5640 
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Topaz, oriental pistachio, 

■ &LXon white, - 
Tourmaline. See ShorL 
Tungsten, ... - - Leysser. 

< ■ . • • • • Kirwan. 

„^^ . • • . • Brisson. 

. ..... Klaproth. 

Turpentioe, spirit of, - 

■ liquid, - - 
Turquoise, ivory tinged by \ 

the blue calx of copper, J 

U 

Uran, it/tea, .... Champeaux. 
Uranite in a metallic state, Klaproth. 
' sulphurated. See\ 
Pitch ore. / 

Uranitic ochre indurated, La Metherie, 

i i Hauy. 
Uranium, stone of, • - 
Urine, human, . - - 



4.0615 
3.5535 

4.355 
5.800 
6.088 
6.066 
6.015 
5.570 
0.870 
0.991 
r 2.500 
1^2.908 



3.12IS 
6.440 



3.150 
3.S438 
7.500 
1.015 

i.(m 



YermeiUe, a kind of orien- 7 

talruby, .... 3 

Vesuviane, .... 



ot' Siberia, . 



Vine, - - . . 
Vinegar, red, - 
■ ' white, - 



Wiedemann. 
Klaproth. 



Klaproth. { 

- HSuy. 

Muschenbroek. 



4.2299 

3.575 

3.420 

3.365 

3.390 

3A07 

1.3270 

1. 0e.il 

1.0133 
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W 

Walnut tm! of France, - Muschenbraek. 0.6710 



Water distilled at 32" I 
[cmperatuTC, - ■ - / 



Water of Bareges, - - 

of the SeLoe filtered, 

ofSpa, - - - 

Armeil, - . - 

Aviay, - - . - 

Seltzer, - - - 

Wavellite, or Hydrarjillile, DaTy. 
Wax, Ouarouchi, - - 
bees, - - . - . 



Whej, cows, - . - 

Willow, . - - - - Mnschenbioek. 

Witherite. See Barolife. 

Wineof Torrins, red, - 

whiU'j - 

Cfiani[»gne, white, 

Pakaiet, . - - 

Xeiet, . . - • 

Malmsey of Ma-1 

dcira, - - ' ' ' i 

Burgundy, - - 

— — Jurancon, - - - 

Bourdeaux, - • 

Malaga, . - - 

Constance, - - - 

Tokay, .... 

Canary, ... 

Port, .... 

WoUram, ..... Gmelin. 

..... Elhuyar. 

. - . - - Leonhardl. 

..... Hatchet. 

.... muy. 

Ff » 



1.0000 

1.096S 

I.240S 

1.0017 

1.00037 

1.00015 

1.0009 

1.00046 

1.00043 

1.0035 

S.7000 

9.8070 

0.9648 

0.9686 

0.897 

1.019 

0.5850 

0.9930 
0.9876. 
0.9979 
0.99^ 
0.99S( 
1.039! 

0.9915 

0.9938 

0.9939 

1.0S21 

1.0819 

1.0538 

1.033 

0.997 

5.705 

6.835 

7.000 

6.955 

7.333 
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Wolfs eye (name of a mi- 1 
neral), ----- 5 
Woodstone, - - - - 



2.S507 

2.045 
2-675 



Yew tree, Dutch , - 

— Spanish, - 

Yttertantalite, - - 



Muschenbroek. 0.7880 

0.8070 

Eckeberg. 6.130 



Zeidite from Edelfors, red 1 
scintiliant, - - . . j 
— — white scintiilant, - 

compact, ... 

radiated, - - - Hauy, 

cubic, . - - - — ^ 



siliceous, - - - 

Zinc, pure and compressed, 

in its usual state, 

formed b^ sublima- \ i^;_^-, 

tion, and full of cavities,/ *^*™^^- 
sulphate of, - - Muschenbroek. 



saturated so- 7 xxr « 
?^^.^ AQo }- Watson. 



lution of, Temp. 42**, -J 
Zircon, or jargon, - - Klaproth'. 
. - - Karsten. 

■ - - Wiedemann. 



2.4868 

2.0739 

2.1344 

2.083 

2.716 

2.515 

7.1908 

6.862 

5.918 

1.9000 

1.386 

4.615 
4.666 
4.70Q 



INDEX TO VOLUME FIRST* 



A 

Adulteration of metals, how to detect. Page 189 

Air, propcrtiea of, - . - - 199 

_ ■ component parts of, noU, - . 208 

pump, -• - • • 213 

— — — experiments on it, - . 217 

Haas's, noiCf • • 235 

Smeaton's, notCf • - ib. 

Princes, note^ - - - ib* 

Cuthbertson's, noUf - * ib. 

Edelcrantz's, notCf - • ib. 

— Mendelsshon*s, - - ib. 

gun, note, • - - 237 

Aldersea, Mr. his engine for raising water, - 151 

Angle of incidence, - - - 243 

■ refraction, - • - ib» 

Antipodes, - - * s. ' 3I8 

Antceci, - - • 317 
Archimedes, his proposition for finding th^ deceit in 

King Hiero's crowHy *- ' 181 
m ■ his proposition for finding the area of a 

circle, and the solidity of a cylinder 

raised upon that circle, ' -^ 166 

Arithmetic, mechanical, note, - )*??^ ^P 

Armillary sphere, - ' - T-a: 3^^ 

Atmosphere, its whole weight iipon a man, ^ - 202 

t Its whole weight upon the earth, 263 

Attraction of cohesion, - r 6 

of aggregation, np/r, - - ib. 

of composition, note, - - ib. 

■ capillary, note, - - 7 

— — — of gravitation, ^ - - 12 

— ^— of magnetism, - - 23 

' of electricity, - - 24 

Atwood's machine, note, - - - 3^ 

Azimuth - » ' - ' - 336 

Ff3 
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B 

Balance, . - - Page 60 

.- HeUiaiii's property of, n^ie, • - ib. 

* hydrostaticiil, - - - -183 

Barometer, - - - 303 

Bellows, hydrostatical, - - * 130 

Bodies moving in orbits have a tendency to fly oflF 

from them, - - 37 

I move faster in small oibits than in large ones, 38 
-— — — their centrifugal force;, - - ib» 

Boscovich's theory, «o^, - - 19 

BumiDg glasses, die force of their heat, • 147 

Butterfly, valve, note^ • - 143 

Button, valve, uoUf • • « ib* 



Camera obscura, « • - . 2S(f 

Cartesian vortices, - - - - 43 

Centre of gravity, - - - 17 & 44 
■■ the curvet described by bodies 

moving round it, - 31 

Central forces, . . . • 26 

Centrifugal forces, nottf - - - 38 8c 42 

Circles of the sphere^ - - - 301 

Clack, vaJvc, - - - 1 42 

Climates, - • - - - 340 

Colours, theory of, - - - 291 
— »— prismatic make a white when blended 

together, - - - 294 
■■ ■ transparent become opaque if put together, 295 

Colures, note, . - • - 350 

Combined forces, their e£Fect, • - 27 

Compressibility of water, HOT/, « - 12a 

Conjugate foa, noie, • « 248 

Constellations, • » • 351 

Cranes, - . . . 103, 108 

Crane, expanding, Hall's, noUf - » 109 



CampSy - - • - 209 

Danger of people's rising hastily in a coach or 
boat, when it is likely to be overset, • i ^ 
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Days lengthened by the refraction of the sun's 

rays, .... Page 242 

Descending velocity gives a power of equal ascent> x6 

Direction, line of, - - • 17 

Diving bell, note, - - - 200 

Divisibility, - • ^ 3 

— — — example of, • • 4 

— — — infinite, • - 5 
Double projectile force, a balance to a quadruple 

power of grravity, - • • 34 



Earth, proof of its being globular, . - 299 

-— motion of the^ demonstrated, - 54 

Earthquakes, - - - 212 
Ecliptic, . • - • 299, 304 

Electricity, - - - - 24 

Engine f any mechanical) how to compute its power, 58 

— — — tor working pumps by water, • 151 

■ for raising water by horses, - 152 

— — Newsham's, for extinguishing fire, - 1 50 

Equation of time, - - • 364 

Equator, ... 302 

Equinoctial, .... 299 

Expansion of metals, - • • 20 

Eye described, - - 251 

accommodation of, to different distances, note» 252 

dimensions of, note, - • - 253 



Face of the heaven and earth, how represented in a 

machine, ... 299 

Fermentation, - - - - 210 

Fire damps, noief - - - 211 

— engine, or Steam engine, • - 170 

Fluid, definition of, * • 122 

Fluids press as much upwards as downwards, • 123 

Forces, central, . • • • 26 
— — combined, - - • -27 

Foundation principle of all mechanics, • 57 

Fountain at command, - - • 140 

Frigid zone, „ . • • 324 
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Glass, the shapes into which it is generally ground 

for optical uses, ... Page 34J 
Globey terrestrialy use of, - 297, 310, 514 

■ 1 celestial, use of, - - 349 

Globes, directions for choosing them, - 512 

Gold, how much heavier than its bulk of water, 184, 1 87 ^ 
beaters, to what a prodigious extent they can 

hammer out gold, . ^ . 5 
transparent and coloured, note^ - ^ ib. 
Gravity, - - - 14 
— — decreases as the square of the distance in- 
creases, - • • - ib* 

H 

Hand-mill, ... 99 

Harvest moon, • . - 361 

Heavens, their apparent motion, - 300 

Horizon, sensible and rational, - • 301 

Horse mill, .... loi 

Huygenian eye piece, noU, - 7 275 

Hydraulics^ notey - • • - 125 

Hydraulic ram, Montgolfier's, tiotet - 181 

Hydrodynamics, note, - - - 123 
Hydrometer, - - - - 186&193 

Hydrostatics, - - - - 123 

Hydrostatical balance, - - 183 

■ bellows, - - 130 

paradox, - - 126 



Inactivity of matter, - • 2 & 36 

Inclined plane, - - - . 73 

Infinite divifibiHty of matter, « . ^ 

Intermitting springs, - - - 141 

K 

Kepler's problcpi, - - - ^| 



INDEX. 419^ 



Laws of th« planets motions, - - Page 30 

Lead, how it may be made to swim in water, - 131 

LenseSy different kinds of| - - 245 

— — properties of, « - • 246 

Lever, its use, . - • ♦ ^j 
Leewenhoek, his account of the number and fize of 

the small animals in the milt of a cod-fish, - 5 

Light, the amazing smallnesa of its particles, • 238 

argument for the materiality of, no/r, - 239 

refracted, - . . - 241 

' " reflected, r - - - 240 

■ colours of, - - « - 291 

Lightning, - - • - 310 

Line of direction, - - - 17 

Lloyd's hand-mill, note^ - - 100 ■ 

Loadstone, ks properties, - - 3} 
Long (Rev. Dr.), his cunous experiment with a con- 
cave mirFor, • • 271, 272 

r his glass sphere, ... j(55 

Looking-glass, - - • 288 

■ ■ need be only half the length and half 

the breadth of a man^ to shew him 

his whole image, t 2^9 

M 

Magic lantern, note^ ... 264 

Magdeburg hemispheres, - - 225 

Magnetism, law of action in, • - 23 

■ ■ ■ according to Helsham, - ib« 

' Lambert, nottt - ib» 

Man, how he may raise himself up by his breath, 131 

Matter, its properties, - . i 

Mechanical powers, - • 58 

• ■ all combined in one engine, - 83 

— arithmetic, note^ - - 60 

Metals expand by heat, - - 20 

■ their specific gravities, • - 1 88 
Microscope, single, - . 260 

r— ' method of making it, notCy - ib. 

f double, - • 261 

■ solar, . - 263 

IV ' ;• \ ' improvement upop, wo/f> - ib. 
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Microscope, reflecting^ Sir I. Newton'S} noie. Page 265 

— Dr. Smith's^ n$ief • ib. 

Mills, water, - - . • 86 

breast, noie, • • • ib. 

undershot, note, - . - ib* 

overshot, 110/^, • « ib. 

driven by hand, - * * S^ 

driven by horses, • • loi 

wind, « V • ib. 

double* • • » «• ib. 

com, « • • 86 

Mill-wright's table, ... 97 

Mirrors, how they reflect the light, - 266 
■ ■ parabolic reflect rays exactly to the focus, 

noiep • • • 267 

Mobility, ... J 

Momentum, - - • • 57 

Monsoons, .... 207 
Moon, the law of her motions, - 33> 33* 34 

Motion, all naturally rectilineal, - - 26 

Multiplying glass, ... 284 

N 

Newsham's water-engine, • - - ijt 



Objects, how their images are formed by means of 

. glasses, - • 246 

■■ why they appear erect, notwithstanding their 

images are inverted in the eye, - z^t; 

■■ why they appear coloured when seen through 

some telescopes, - • 278 

Opera glass, - - • 287 

Optics, - • - - - 238 

Optic nerve, why that part of the image which falls 
upon it is lost, - - - . 



Padmore, Mr. his improvement^of cranes, - 1 08 

Paradox, hydrostatical, - - - 126 

Periocci, - '- - - 318 

Pcritrochio, axis in, noie, • «> 66 
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Persian wheel, • - . 

Phantasmagoria, noitf 

Pfle-cnginc, 

Pipes, bursting of, method of preventing, notf^ 

m easy method of measuring their contents, 

. ■ method of finding the thickness of their 
rials, nottf • . • 

planetary motions, laws of, 
Planets, three lately discovered, note, 
Pneumatics* ... 

Poles of the earth and heavens. 
Polar circles, • . . 

Porosity of bodies, - - , 

prism, - - 

Prismatic spectrum, discoveries concerning it by 

chcH and Ritter, note^ 
Projectile force, ... 

Pulley, - - 

■ White's improvement on, note, 
■I Smeaton's ditto, ditto, note, 

■ Gamett^s ditto, ditto, nofef • 
Pump, common, - - - * 

■ forcing, - - . 

■ engine to work by water, 
by horses. 

Pump-makers, table for, - • 

Pyrometer, . ^ - 

■- Ramsden's, &c. Sec. noie. 
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Quantity of matter in bodies, is in exact proportion 

to their weight, - - - 19 

Quicksilver, its weight, - - 185 



Rain*bow, solar, 
— — lunar, noie^ 
Rays of light, 

' invisible, noU, 

Refrangibility of lighti 
Repulsion, 
Right ascension. 
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Rope machine, notet - - Page 54 

Running water, its weight, • * 168 



Sails of a wind-mill, their proper form and inclination, loi 

■ their incredible velocity, - 101 

Screw, - - - - 80 

Hunter*8 improvement on, note^ - 8i 

its power, - - - - ib. 

^— — ^— shewn by a machine, - 82 

Seasons, how they may be shewn by a small globe. ^07 

Ship, how to estimate its weight* - 194 

Signs of the zodiac, - ^ - 305 

Silver, how much heavier than its bulk of water, 190 

Sirocc wind, noicy - - - 207 

Slare, Dr. his dangerous expenment, r 256 

Solanos, notCf .... 267 

Solidity, - - . * - j 

Specific gravities of bodies, - • 181 

■ tables of, - 188 & 373 

Spectacles, why some eyes require them, - 258 

for divers, notct - - ib. 

Spirituous liquors, how to try, - - 190 
Spouting fluids, velocity of, - - 134 
Statera, Roman, - - - 62 
Steam-engine, Beighton's, - - 170 
Steelyard, Roman, - - - 62 
Strength of materials, table of, - - 85 
Sun, . - - , 300 
- appears above the horizon when he is really be- 
low it, - - - 242 

Syphon, - - - * - 138 



Table of the strength of materials, nottf - 85 
for mtll-wrights, - - . p*^ 

— for pump-makers, - - - 148 
of sines for the elevation of water-pipes, - 1 60 

of the quantity and weight of water in a pipe 

of a given length, with 4 feet diameter of bore, 1 64 

of the power of the steam-engine, - 179 

— r — of specific gravities, - - 188 & 373 

— of troy weight reduced to avoirdupois, - 1 96 
of avoirdupois weight reduced to troy, - 197 
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